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Amu Enon or m Gaouwcu 8 d*v>t or Into *m> at «p Omwmou 
Mmbcm, Ciurorti, ro* m «U Ml. 

The work done or pnhfUhad daring the pool pear iarohm mom ooortltrnbb 
ehengce in tbr mapping tad groaping ef Indian Mb Ml hitherto art M>- 
There change* are duly noticed in the following re p ort 

After clotftj g hie work in the Uodivari region, Mr. King took ap aajret 
Borwrein* lanut ttn«e preyed nouatiy in Travnzwore. The neighbourhood 

Tamaooaa. of Qniloo haa for many yearn been knows through the 
JTr Km w- obtorvatioae of General Colin, pabifohed by Dr. Garter 

in hie Summary of the Geology of India (IMS), aa haring yi e l ded a U matinee 
oontaiwng eoetme foaub, end we hart bag been aaiioaa to bring tbit reek into 
connection with other tertiary bode of appertain boriconea the eoeetal region 
of (he pemntula. In tbi* are hare been dieappoiatod of any poeitira fault, 
beyond the fart of an per- petition, for Ur. Kiag't moot diligent eeareh folltd to 
bring to light any trace of Gan oral CuUn'e ISmeatoao. The point had bata 
iadopeadaotly iaraetigatod by the Pabiio Work* Department iaeearoUag for 
how, bat with thejnune negative reaolb Geaaral Callea'a rta t a aiia t e are, haw* 
ever, too enoametanttal to be aalled in qneetioo, tad wa mart oaly en pp nw that 
all the rock available at the oaterop, which waa at lb* very baaa of the aKB> 
aaotw% bad ban r am m e d , thpe fmartng the ooaeaatmwrt of «|m bad. The 
overlying depute of InvaguMoa a aa d at o o a oad ebtye with lignite (dr rather 
foeail wood) Hr. King denribea 1 aa the Warkiffi bad* eor ra fo bag thaw with 
the Coddalora aaadaton of the Coromandel Oeaat, They ooJy eooor for a 
length of abwat SO able*, from a little north of Qdfttw to I mjea ge ea tboeoatlt 
id the ywtiaabr r a qa eat of the Ttnuncor# Darter, Mr. King trad* aa 
■■■iaali nd ^ M tmirt of gwbboaylaad *~ whfah — “ •“- 1 i -n— -i)—^ 

» At peg* a« ka paMhhrt b Gha item* Hr Mag anh 
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to <m*r. The oaterope in qumtkm turned mil to bo bedded quartaito mod nol 
Mb* mi rack j ttot eeeotfd to bo 00 proep ect **f 1 fruitful gold-tod. 

The publication of Mr, King** 4wrfipti«i of the Pranhita-Godirart ini 
(Kmirm Vet XVIIl.pt. 3). hue brought toi criat* oowe 
d/mtrii •»«! difMVwpanriea that hove been long impending 
regarding the tM*Y rocks of the peninsula ]( mm duly pointed out in the 
Manual i pp. 3 and •*£> that the division of the separated rock* of transitional 
ekarartor into on upper mid a lower eerie* waa 1 provisional compromise, until 
cvmitectod surrey* should declare whet the true relation* might bo, the only 
imtnmlmto tost— the relative ego* of the gneiss to ruck* mi joining each area — not 
luring enikUit, In Ik *»mi> connect km it wm noted (/ r., p. 70) tliut the 
catcguncwlly marked arpamtion of the lower Vindhyan from the upper tranai* 
ttou roe ha, un then constituted, wnn especially arbitrary and precarious. An a 
matter of mnt raw, whatever discrepancies there might lie were bound to come into 
collision in the then little known ttivdtUr ground in the Mihanadi and Godavari 
twain*, m waa pointed out at j*giw 7 b and 7b of the Manual. Mr. King’* survey 
of the latter area awn# to have brought observation sufficiently close for a 
settlement of the main question at iwur, In )m statement of the naae (/. r., 
p 73), there in *u»fl emfiawiii between a local difficulty and the principal p>int 
of etaaaiAcfttion. In the Malm uadi basin, and again on the Pemganga, which 
ketougu to the l’mnhtt**G<KhU*n basin, there waa a difference of opinion as to 
the tolntitc agv* of the ahalea and limestone* occupying the low ground and 
twrtoin quarts*!** resting on the gnei** of adjoining upland* ; and thia minor 
fju«wtfcwi remain* »ttll in doubt When the Manual waa ptiMidoel. the data for 
the general question had nut got clear of thi* minor one; btit # now Mr, King 
haa v» tended hia vWrmhow to the *U*le* of the IVmgntiga and, for the brat 
Items the major question 1 * clearly at noiuc. These slutkr* had bran claimed aa 
lower Vindhy an, Mr. King dec idea that they art' Kadapah. and hia statement 
of the ease wonhl he understood to imply that the other |*oaition mnat be wrong. 
It seem* to me that the simpler and truer adjustment ia to accept both aa right. 
1 do not question Mr King** identification, which ia baaed cm a connected aunrey 
from the Kadapah held ; hut I roe mi reason to reject the independent detonuin* 
atom of the Mahaoadi and IVmgaxtga bed* aa lower Vindbyan : ao the obvious 
rreame iUaUun i* to conclude that the Kadafadm also arc lower Vindhyan. Them 
are numerous collateral point# in kupport of such a doeskin, but they cannot bo 
detailed here; and the further quewtbma rained by it are not seriously in the 
wuy*~#nch aa, whether the ruck-group* in Southern India (the Kama) and 
Bhima aerie* K hitherto Attkri aa lower Vindhyan, mnat now ho classed aa upper 
Vindhyan. The intelligent student of the Manual will, on the whole, accept thia 
new reading aa a relief. 

©» hi* return from furlough, Mr. Foote took up work again at Madura, and 
Connate 1 made a traverse thenco to Cape Cotaria along the June* 

Mr, IWa ton of the gnetaa and the coastal alluvion* The forma* 

Gone which, to the north, intervene in thia position earn to be almost wholly 
wuntiag here to near Comorin, where ity r wm lalim of the Cuddnhww anndetowe 
again appear and mm to attend aotne Ittib way westwards toward* the tprtaaiy 
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MM 1.) 4mwm*t Report fire W81. 

deposits ol Tiwnmm. A boot Gonwit tkm wore also observed at )m*t tern 
Wrt » of marine bode, om of thorn it ifcnt 100 feet over present m Imt [ they 
MWht of bunds with calcareous induration, owl m foil of merino the Uo of 
living speck*. Mr. Foote remarks that ho ha* not Inuul » riagk troppena 
intrnrioa in the gneiss south of Trichinopoly, * cirramsUitce in strong contrast 
with the profusion of eruptive dyke* in the adjoining gnome of Salem end A rent. 

As mentioned in Inst Annna) Report, the pnhUentien of the Mjpttke work 
Kurniii. hod to be postponed eetO some doubt*, suggested fay the 

Mr, ITwM. most tecent observations, hod fare* cleared up. This was 

effected during the pant seeaSa, and the result published in Mr. Racket's paper 
in the last number of the R aeo ede (Vol. XIV, part 4), with an outline map Of 
an immense stretch of eonnlsy, ham |Mht to Rriapar* and Meadses*; . : Tk* 
rarly work in Urn northern part of this gronad eras dese rifa od i A the Reseeds 
for 1877 ( Vol. X, p. 84), and the acoosmt there yiron of the AmU rusks k 
that presented in the Manual (Chapter If). Already, t» the following Annual 
Report (February 1879, Records, WA XII, p. 4) eouddernMe blterutious wars 
necessitated by subsequent Add work : the groups of dMtogakhahls deposits, 
all more or less metamorphie, brought together under the titlo ArvaU series, 
were reduced in number by s dearer interpretation of the sections, and one of 
tbs lower members was identified with some nudes on bride this m etam or phie 
area and previously described as tbs Gwalior Series, resting quite undistarbad 
and unaltered on the gneiss of tlundelkhand. The interesting feet was thus 
established that the gneuaio metamorphism of the Arvali region was of 
immensely later rials than that of other portions of the peninsular area. 

A similar change has now to be introduced regarding the upper member of 
the original Arvali series, tho great quaitaite deposits of the Ditm and Alwar 
hills, and of Delhi, which Mr. flarket now proposes to distinguish separately as 
the Delhi serin*. In making a preliminary traverse of the country northwards 
from lUg in the Narbada valley, in 18H&-6A (Records, Vol. 1, p, 09), I same 
upon certain quartoite eandstones at Maadssur with underlying shale*, very little 
altered or disturbed, and both most nearly resembling rim familiar upper 
Vindhyan types; and they have since p e ered as such in the Means! and 
its map. The overlying shales and limestone well seen north of Nimech 
(Jf retouch), nod the sandstone of Chitor Hill I took to re pr es en t tbs BAarsr 
(Bundair) stage of the upper Vindhyan series. Had my route continued 
north-eastward across the Vindhyan plateau, I should have disc ov ered my 
mistake by finding the higher upper Viudbyun stages stilt in front of me; 
bat no suspicion of error wss suggested. Mr. Hnekrt’e c o nt in uou s survey 
from the north has satisfied him that the Chitor rock is the Kebanr sand- 
stone, the lowest member of the upper Vindhyan series; nod that tbs tints, 
s to ne of the low ground to tho west k the lower Vindhyan (Holds) lin sri m 
Although n slight unconformity k found between there beds tad the Mmt dsa nr 
sandstone it k scarcely greater in appearance than may be found between dm 
nppsv Vindhyan groups, where they overlap such other on the border* of thuir 
typical are*; and so the M a nd ss nr rock might have been provisionally entered aa 
a mombsr of tbs lower Vindhyan series, but for a farther dkoovsvy : Mr. Basket 
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•km good grand for nmecting that the Mwfoar imfon pm norlhwntd* 
into MMmitm with qaartaitee of ib Anrali im (kM are non or km ooatium- 
euely tmeeafale tknn|k Eastern HAjpofona into tko bilk o! Alwar nod Delhi. 
TUi fot would oomitote n prodigious significance for tko unconformity wool 
of Vinook, fur tk« IMb» mrim has fwtakos full/ in Uw Amli diitvhm; 
while the whole Vindk>/nn system date* fmw an age when the Anrali mountains 
M iltmdjf undergone gnat denudation. Geefogist* til) appreciate what an 
tbtoml that iwplMw. 

rotUtrml Into support tkno oknrttlkm The ontutpionom eroeioo.unenu- 
fonmty in the Gwalior aim botton the Vtndh/mna and the Gwalior rocks, which 
npwot the lower ( Arvalt) eerie*, owinito appro pn*u?)r with the hm apparent 
naermfortuity of Viodhyaa* on the If andean r rook, which represent* the higher 
( Delhi) series of the Anrali region. Further, the condition of the Delhi rock* 
at Mandmur it accounted for by the fact that to the went of them there occur* 
a tm of guinea, which i* presumably identifiable with that of Bnndelkhattd, 
whereby the/ were protected from the crushing and metamorphiam that affected 
the Anrali region pro|wr. 

Three modification* of car rock- grouping hare a further significance with 
reference to the change* already noticed in ooimetion with the Godfrari region. 
Hitherto the Gwalior rocka hare been peer internally correlated with the Kadapah 
teriea, a* upper transition, TheKadapah rock* haring now been brought up to the 
lower Vfndhyau honson, ami the Gwalior bed* put down immeasurably below 
that burton, the reparation of the two ia rery great, and the Gwalior mek* 
meet take approximate rank in the Surrey classification with th^ftijAwars, their 
a&attw* with which hare been duly noticed hefore (Manual, p. AC) ; while the 
Delhi quartan** become the highest member of the Unmtition •cm* aa now die- 
tingwiahed. 

There w one more change in the Armli region to be mentioned. From a 
email and very local occurrence of a fobi tie- rock in the middle of the range, the 
tmppnaa rock* described by Mr. lllanford a* the Malini group had been 
(Records. Kill, p A) doubtfully placed by Mr. Hacket in the Armli aerie*. Hie 
extended examioatfoa of thewr rock* south of Jodhpur ha* shown eneh n position 
to he untenable, a* the Malini bed* exhibit rery bale disturbance, and net 
upon contorted Armli •train. According to thia relation, their apparent horison 
would be tower V iadhyan. 

Aa mentioned in last Annual Report, tome gimpl* field work wan marked out 
for Sub Assistant Ki*h*a Singh, in extension of Mr. Backet s previous work 
on the Yiudbyaa neb in the Gwalior twrito rk u Fran hi* mg* and r ep o r t 
there teem* much nine to he satisfied with hi* work on the acorn of onm and 
industry, for it m impossible under existing mrettaniitanflea, a* I ham often 
explained, and without extravagant want# of our very limited power of qualified 
eheervetu, to arrange for the inspection of detached work. At the aame time 
them i* ample eridra* of each radical defect* a* warn to fat uatictpalod? in the 
barren aceumnlulMin of eimple detail* of lOitifotke. with itmtttiena bat weak 
Murnfm at upon remote theoretical conmderatfone quit* beyond the 
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toofw of too work in bond, on A (kM mo only bo profitably undertaken hj mm 
who boo in mm dagrea wntort On rabjott; nod withal Km* «m • caa> 
f l wm fntbnro lo uadaiatand ton obvionn condition— that ordinary gooloytrai 
mapa wo imrrr* to npwnt ton fomatioa noxt Won ton anil. Bonn improve. 
■Mat may bo expected -with aaparia ac o. 


Mr. Hngfaaa' work during ton pant aaaaoo wan confined to ton noal finMa on 
ton aontoera wimp of ton Booth Hamah ban in. A 
0»n*!>t > ' motion of mate won pmbUabnd to the ftnoorda for Nov* 
IP. Ku fim ember. Ahboagh ton p ro apac to of coal am mot an pro. 

UkSfttBjf tor, Home good eenfae 

barn boon traced, bat nn f o rtua a t afy they am ton moat diataat from a my toft 
tog linn of railway. Since taking thaftaid feat ton p rm at Mtm, Mr. tonjhra 
ban marked eitan far trial bortoga be In* ma oa wa t a d a d to toe Hamah ■ fhjtrhefv tu 
U be mall Umrie field, the ne e m e l t* He Jnhatpur railway. 


8ab.AMiiUni Hit* 1*1 worhrd with Mr, 8i|ki» end M go od mriie* in 
banting ap coal outcrop* and Min Wtidirina 

Dr. Febimniitel «m able to devote n few week* during tbe field unman to 
Ur. rriifiM— fif *h*l *1* <**Lfiel4* «fe the Upper Damuda valley, 

Ho ha* made eoneidembk addition* to oar eolktim of 
foaeil* from tbnt ground, many from nrw localit***. It became* n too and mote 
evident that in the central beaitut of tbo Goodwin* nyetrw, tfao poeeiUbiy of 
diecriminnting horixon* In tbo mama of botnagonoaur depoeiie there pm reding 
will depend almgxt entirely upon the ten wty fawol evidence j eo it b» more than 
ever important* |o obtain n elooor knowledge of the d win button of tbo Horn in 
ground where the atvutigmphkml mquenoe i* otberwiiw dteoeroible. 


Mr. Bom bm aubmiUed a my promt*!** pragma* report of bio mmon'e work 
m on tbe eretnocfom took* of tbo Knrbod* valley. generally 

CnxTtoreaei t known m tbo III* bod*. They am mmofituble a* being 
Mr. Horn. tbo only fanatliferou* marina depoeit* buy and (inaido) tbo 

eoaatal region of tbo peninsula. Aa tMk»t preliminary 
aketoh of tbom rock* waa given in ISfifi (Mem., V«d. V1„ pt. $j by Mr. 
W. T. Blanfotd in hia general dmeription of tbo Tiplx and Narbada valley*, 
with a map on a very email male ; wberein the whole am grouped from tbe email 
foaeil evidence then axieting aa of middle cfotaceon* (oaaomanian) age, on about 
tbe horixon of tbe Utat&r bod* of Southern India, and aa probably, in pert* mpm> 
tenting the fembwatar infrmtrappean (Lameta) bed* of mom midland diet rtot o. 
Mr. Bom propoma to give an immenmly extended mage to the aecfeei heridee 
finding the Lameta bed* dirtinct»r*iy in tbe marine ama, he get* foe*d evidence 
toeaggert that the three Ismeetone* erf Mr, BtanfonTa nlemiffcutaon (Manual, 
p 294), may r e pm ae n l the division* of the emtaoeoue *er to* of Southern ladfck, 
and the underlying ■aadatoaa a My faa Iowa* amteoaoaa faaoeaawaa). U 
Ibaaa aoajaataraa ahonld faa a a to bl i aba d , a aoaaklarnbk life will ba giro* to toa 
tumnuBod one <rf the llemon tnnL Under the** nimn metai ino* Mr. Rub baa 

M wpm " 9W wanm p mnm 

jaiicfamly d a fe r and giatof aa y pabltoaltoa of bia work util faa ana pwial it 
wito man aoaldaaao in biaroanlu. 
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Hr. Md«« Hb survey of K»tir«rir where be hid lelt off in 1879, 

and mapped a I argw additional aim Deems trap it the 
ffmtly pmtiling nek, A email area of the newer 
trrttarv Uh on the emit cowl wan examined, and aome 
patch** of jaramaie (I mm) Uxl* on the north; tint nothing of importance waa 
noM 

f taring the fwi fir hi M«won Mr. hjtlckkcr rounded off the wen tern limit* 
NftttiJtit, of hi* work in the Kashmir territories, in the lower 

K **(»»!» Ki#haitgnnga vatby, joining hi* lines with those of 

Mr Lm4*U*t, M T . Winnr in liaxsr*. These observation* hare 

remold nltaterer nominal doubt remained u|w>n a small point of geographical 
Certain geographer* have instwtad upon clausing tome of the great 
trail* 'Indn* |«*wk» with the HittinUvstt range proper. The intrinsic objections 
to On* arrangi mrnt have lieen duly pointed out by the Geological Hurvey, and 
they are now fully ratified by Mr. Lydckkor’* work, showing that the Pir Paitjd) 
and /,aft*kir nix, winch an* the attenuated extension* of the great snowy range, 
tas'im* w hoi It extinct on either aide of the west end of the Kiahmir valley. A* 
par* of this feat *n*. a count durable extension of the tertiary nick* of the tub* 
Himalayan area ha* U*m traced out: iu our map* hitherto published the deep 
northern prolongation of thta area up the valley of the Jhelam twtweeu the two 
eoufiustit systam* of <h«tarhaticc has been utopfad at Musafirahad, near the 
junction of the Ktdtangaftga with the J he turn ; Mr. Lyilekker has now «uap|*ed 
a deep m**** of the** rocks reaching 20 mile* further north. In this ©on* 
nation Mr, Lydekkcr makes some inferences regarding an ©step*! re pre-eocene 
lltmaly an elevation : it is a conclusion that lias some time since' been very expli- 
citly enunciated upon good evidence (Manual, Part 11, pp. 509, 0^), yet in very 
meant sketches of the great rasl.wtwt Asiatic mountain system, of which the 
Himalaya is the moat conspicuous memlirr, we find it asserted that the upheaval 
commenced in the oltgoecne rjwxdt, as has apparently been made out for the 
Kurwpeati extension of that great system of disturbance. 

Mr Oldham *|*jfit a profitable season in the Simla region. A good pari of 
the time was of course expended in making acquaintance 
Hiwststs i with the characters and general features of the rocks as 

Mr^OUiim* hitherto set forth, regarding which he has made some 

important obwrvation# and conjectures. On the Oiri be 
has observed some clear cases of intrusion of the syeuitic trap into the middle 
tertiary sandstones at their junction with the older rocks. To the west of old 
Hirmur he notions distinct evidence of an actual creep now in progress along this 
boundary fault, as shown by a continuous line of depression to the south across 
the spurn and guilts* running northwards into the Oiri* Well within the Lower 
Himalayan area Mr, Oldham describes some mamas of rock, a* the red Males and 
quartette* of the Chakrita ridge and the purple and red shales, with pebbles 
derived from a neighbouring limestone, in the Mania forest north of the Kmam* 
bar peak which be conjecture* may be of lower tertiary (Sirtnur) age, The 
vwihntka of this su gg e st ion * a point of g re a t i nter es t in the disimusicm of 
Himalayan history ; the aoa- o ceen eiio * of the nummulitic (ffehdthe) 
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the hti» of then* supposed outliers would el lees* show tUl there wee greet attr 
bp to weeds the mountain sets, es already observed el Subdthu (Manual, pp £33, 
569). Among the Lower Himalayan rocks themselves, Mr. Oldhem considers 
thet there is e dear ease in Ueoban mountain of e greet unconformity of the 
Krol limestone with the subjacent rooks. The obvious doubt in such section* 
is the risk of the result* of extreme contortion with over-folding end sliding 
being taken for origine) relations of the m s*e e «. An ob nerver uneocaatounni to 
the stud/ of • tree mountains ' might well be moused for such mistake* $ sad the 
detection of them without fossil evidence week! often be impossible. Any one 
wishing initiation to these mysteries should study Professor Heim's * Outer* 
suchongen ft harden Meehan ismneder Gebifgsbtldung/* an inspection of Plat* Vfl 
of which work will suffice to funiove any semples as to the capebflith* of the 
folded flea are in mountain structure. 

It has been with much regret that I have interrupted Mr, Oldham's work 
after so promising a beginning ; bat an opportunity occurred of sending a geolo* 
giat with the party proceeding to d s mnrn ats ile Manipur- Bum* frontier* and 
1 could not miss so rare a chance of exploring an unknown tugioa. Mr. Oldham 
volunteered for the expedition ; sad there being no ether affinor available at the 
time, 1 was glad to commission so trustworthy an ob ser v er. 

After hi* service in ttcuth Afghanistan Mr. Grisehaeh returned in April last 
to the work he had begun in the summer of 1K79 In the 
Uivmr* ; high Himalaya of Kumauft, of which a sketch wa* given 

jfr orirabrA ** pt i of the Becord* He ha* now mm* 

* • pic ted the survey of that ground up to the Kept) frontier. 

The same great tUquene* of sedimentary rocks has been traced throughout* only 
greatly more disturbed than in the Kiti section. This may he simply the ap- 
proach to a middle region of maximum Himalayan disturbance, or it may i«uU» 
cate the proximity of a block of crystalline ruck such a* to the north-west breaks 
the continuity between the ellipsoidal basins of the fossiliferou* series. Mr. Ortas* 
bach wa* again prevented by the vigilance of the Chinese frontier guards from 
making any way into Honda*; in this attempt he also experie n ce d much ob* 
struction and even personal violence from the people within the British border* who 
seem far more under the control of the Tibetan official* than of our own officers 
at AUtftora. For both these resson* he could not this year get within (each of 
any beds higher than the Spiti s h al e s (Oolitic), some remnant* of which wars 
found folded in the flexures of the older formations. The natural completion of 
this piece of work will be its extension np to the gorge of the ftatlej, whirs the 
gaeiisio massed Purgialcut* off, at least in groat part* the continuity of the fossil* 
iferous rocks, dividing the basin of llaados from that of ft pit! ami ZAnskdr. 
This* it is hoped* can be accomplished next season* meanwhile arrangements are 
being made to reproduce effectively the admirable preffle views which Mr. Grins* 
bach's artistic skill has enabled him to figure of the grand sections displayed in 
these stupendous m o untains 

la the lower lolls Mr. O ri st sb fcaaamfifaad as iitaMriilf Oaarvatioa. 
Md* son Ums 80 jmh ago by Q moral Bidwrd Slraebay, of iiw irruption of 
tbo tnppoas rook of Um Lowor Uiatlqa, m oxteaaivoly oskibilod to tho aa at 
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Hi Nnu>* Til, into the tertiary sakfliwelayen tends ! om on the Ook river, end 
its wgfftiMt Oh^ #nte * granite. H *m, indred, only prevhdoiiaUy that any 
h t iimkw i «nm admitted regarding 1111 observation by so competent a witaem; 
bet the remarkable absence of ig»«ma reeks, whether intrusive or eruptive, ia 
the sob- Himalayan ret* throughout an itamc mm abate h of matey, mm la Urn 
immediate t trinity of their extensive exhibition in contiguous reek*, an on the 
Hite amt lb© K«tWj, <»mte mil but suggest donU regarding an isolated instance, 
and this ah bough ujmn general reason ing it waft apparent that the trap of the 
hitrtr Himalaya waa of tertiary ago (Manual II, p. 007). Mr. Theobald, more* 
over, had mapped the tertiary boundary at the Gola river without detecting any 
©ruptm> «*«utert Mr. Gnesbeeh, however, declares that the facta are aa dec* 
rribwl by General Htrarhey. In tbia connexion Mr. Grtesbach ia ditpoeed to 
maintain that some altered aamlaintim about ilhttruUU, inside the sttb-Himalayao 
too©, are of the name age's* tiiu rooks outaido the main boundary on tho Gola. 
This ia not quite equivalent to the observation recorded by Mr. Oldham in the 
Huuia region, where the lowest tertiary sandstone* are at hand. It is not yet 
proven that the War tertiary beds are represented in the aub- Himalayan sone of 
Kttntaun. 

At the request of the Government «f Ifongal to have an opinion upon a newly 
opened rep|ier locality in the Darjeeling district, Mr. 

latuvAi ****** Mallet waa deputed to examine it He found it to occur 
in the same huh and in the same manner as the ores previously described in his 
report on the geology of the district (Mem , Vol. XI, |tt. 1). The deposit ia no 

richer than in some of the old mine*. * • 

• 

Ua the report that servicrabW blocks of coal bad teem obtained from a 
ream near Ttadkteia station on the Darjeeling tram railway, I visited the place 
a* satisfy myself upon a question of so much importance. I found the seam 
lit be one of those marked on Mr. Mallet's map, and the whole condition of the 
ea** to to exactly ae dtwenbed by him ia liie report just quoted. There were, 
no doubt, originally strong seams of good coal ; but, owing to the eomptresaon 
during the upheaval of the Himalaya, the coal and its measures have 
been so shattered that the question of profitable extraction i» a very precarious 
oue There ia, I consider, very little hope of finding coal in a directly service- 
able state anywhere in there measure* ; re that complete arrangements for the 
conversion of the dust real into bricks must be a preliminary condition of the 
vipnmet Then ns to the mining; there k, I believe, n sufficient quantity 
(4 the coal in the ground, and although no doubt often equereed out and 
it would not in very difficult of extmetioA but for the shattered condi- 
tion of the aurvouttditig recks. There nr© not, like the older rocks of the higher 
mountains in which the copper occur*, consolidated by crystalline metamorpkusm, 
but ate null in the ably state and shivered to splinter* to the very core, re that 
every foot of drift w gallery would have to be prelected la the meet reM» and 
of rewire realty, manner by poets and hoarding. This was the experience 
gained by the skirt trial drift made on the owterep c out h w est of Tindhdrie 
(are Mreorde, Vol X , pi fi). 
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1880 1 applied for oflWal aaaetwa to attend toe intornrtteroi 
Wfw of yo to gfote to to held at Bologna inBeptow 
tw toMMA 0*. tor 1880 } formal pamfoefou mimM in May 1881. 

To my greet* disappointment, as the time drew aw. 
toe awn- parte d delay of writ tort coaid art to Ml 
ia other toade made It imposeible for me to areil myaelf of Ode parmtoefon, e» 1 
reqeeeted tort Mr. W. T. Bbaford, who we than oa hnveia Europe, Might be 
depatod ia toy etoad, ead toie wee greeted. Mr. Stanford's report «f what eree 
effected at the ooogrw ia pahlietod in toe earrort aaator of the Records; it k 
m mart mon eonpfote aeeoaat then any 1 tore yet eeea ia print. Where e de» 
•alto wait eree p oa eib te -fa the rimpfor natter of n wnsa r la taro tea eng 
pertopt to eatieded with what erne roro mplfolwd, though it eerteiniy h fort 
arhrt woald have toea a rrived at to a ptofemito, or a tehfy 


aeeeeebty. of geologist#. At leart eoe trtiff>ae«tod aatam aamn to toe* dertiaed 
co-operation, or to bare held to fte own, for wbioh it will no 4mM pap the 
aatom) penalty effort atiaa; hat via <aay tope »that the Eng ti nh ep ee Hag p eo p foe 
will adopt the eugystinn* agreed to. eeea tooagh It any iavolve a temporary 
wrenching of toe vanandar an rtoaneat toms; too advantage of nntfocmity 
of apeeoh will well repay the etruggle. 

It would to hard to oonj plain of failure where eneoeae wraa jmpoeeiblc, aa fo 
preUy nnehthe eaee with a propose) to fie an uni venal aoaleof odours ae aeelgued 
to any existing aoale of eyetouia. Htrattikd rook* wilt evorywtoro to naturally 
divisible into systems, eerie*, stages, and strata j but thaw eaaart oortetpoud in 
different great eectiaaa of the earth. It would be as wtoeabie to attempt to 
unify the pemftfo of Chinees, Egyptian, and Peruvian hietory at to naify toe 
geological bfolorfoe of the three great awlhnrti. Sow general principles of 
approximation might indeed to enggeetod for gnklanea, and aueh an attempt erne 
to have been expected from a nominally uirpal oan gr me, Thfo waa verbally 
implied in the peogvanune laid down for Bologna -, and, in view of it. 1 eahmitted 
n tort eaee (Records, XIV, 4) for the consideration of the* congress, an being 
the main diftouify from the Iodise point of view. The congress did net, how, 
ever, get within eight of thfo question, but lapsed into too di s ons ei on of a artle 
of eolonre for too scale of European systems. It is no doubt meet way to 
aooourt for thfo event, subjectively and objectively : it fo a truly vexations mult 
of nationality that the maps of adjacent patches of the w este rn promontory of 
Asia should have rocks of the same ay represented under irirt trusting entente. 
The ad jeatmeat of thfo local b a r ba ri s m seems to be the nnaewrj peelimiaaiy of 
approach to the wider question, so we mast fain to content with thfo proposed 
for the pr es en t. 


Uinimg towd.-A fair start baa been made ia the pratfatomiy system of 
odterting mining records, as enaonaoed in the last annual report. I jfy shm 
plans of ooal mines in Bengal tore been received from the fotfowiag owner* (hi 
order of date) : Mama . Apcur, 18 ; Equitable Coal Company, 8; Bart India 
Ballway Company, fl ; Bengal Coal Company, It? Mew B earb ho o m Coni Cow 
paay, 8; Bnrmhar Coal Company, I ; thirteen different native proprietors, Id. 

Fattiest mw*.— T he most generally nsefel pahffcatfoa daring the yuar iron 
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Ik W volume, or purt, of tk Mabbi), relating to econom ic geology, by 
Mr. V. Ml. It gim i ootnpki cMkd i amcnary of oil information collected 
by Ik 8«n«y, or independently pvbliikd, regarding tk distribution of ueeful 
olMrfek in l«4k Tk iro ii so large that details of any particular locality 
had to k greatly curtailed, but careful reference k given lo ilia original 
tolkriki. 

Three parta, forming Volnme X VIII, of the Memoirs, wore issued during 
ik ysar. Tk first i» Mr. Gricshach's description with numerous illustrations 
of t>«a section hctwern India and Girishk, in Bontkni Afghanistan. Port 2 is 
a dsscriptMm id a large area in Minbham and Binghbhum, by Mr. Ball, from a 
•art ry he made several years ago. The third part t* Mr. Kings Memoir on Uie 
Goadaana basin of the lower GodAtari. Thia k an important district, as 
pumibljr contai ning a considerable supply of coal and the only ono within 
eompwralivtdy easy reach of Southern India. From this point of view the 
geological indications arw not so detailed as would he deniable: it is a eery wild 
country, and fur large (arts of it maps on an adequate scale for dose work 
Wvrt ' not available ; the rucks are, moreover, very unfavourably disposed for 
observation, the most important ground, where the coal measures or the strata 
netl them might be expewed, being very extensively coveted by superficial 
dejMxniU 

The V ulume (XIV) of Records for the year is tho fullest yet published, 
containing 2* |iapcnt i*f varied interval i elating to the Geology of India, with 
numerous me}* and pUtoa. 

Ilf tho Pslmonudiigia Indies three parts appeared during the year. Dr. Feist, 
mantwt issued turn parts (86 pages of test and &» plates), completing the • Flora 
of the Goodwins Hystem/ in three volumes. It is most satisfactory to have 
this complete foundation laid for the study of this series of fossils, representing 
the most important rock system of peninsular India. There k now a safe 
guide at hand fur exploring any horixon in these d«|>osita j that we hare still 
much to karn regarding the G ami w Ana flora will, however, be readily understood 
when we wcullwjt that the detailed survey of the two principal central basins has 
only begun. In the concluding remarks of his 3rd volume. Dr. Fkktmsntel 
seems to ham worked out u satisfactory reconciliation of the diverse opinions 
regarding the oomUtiou of the plant-hearing scries of India and Australia. 

The third part of Dr. Weagen's work on the fossils of the Salt-range, contain- 
ing the rriecypoAi of tbs Pioductuadimeetone series, was issued during the year. 
This is the first marine fauna of the older formutione in this part of the world 
that has been worked out from anything like adequate materials ; and es the 
work advances it Women more and more apparent how dificuh it will be to 
pkot it in any one of the would-be standard periods. 

Museum.— In every brunch of the museum due p rogram hue been mede in 
irnugunet and the addilkm of new iprrfimme Dr* Fektmantel ksued n 
• Pof*tar CUM*’ to tW fMml p otew to logioC ooUacHnw, uifana with Umm 

ohwd; poUkUd Tli wof — ‘ w' -VrticnH ml lliii 

pnAwu wmikmmU is iMi jrw»’« report ImbmUd oot by Mr. Xiflat^ «ad 
■Mh* • vmj itMNHin otkiUtwo. 
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Library . — One thousand nx hundred aad seventy two volume*, or pula of 
whim, Wvi Im iwdtred daring the year; 970 by donation or enAnp and 
70S by purchase A ntdogw ia nearly mdy for pobiieation. 

Ptfwnti -Mr. B Innford w tu wd to dnty ia Rngiaad oa Urn ttad of Aagaat 
ia eonaeetioa with’ the Bologna Congress, aad arrivod ia India cm the 24«h of 
October. Ho baa Uba ap work on tha north-west frontier ia tiimfaa of Ui 
former work ia Bind. Hr. Thookald woof oa fariongb ia ltatvk, aad baa ataoa 
take* his panaion after a aarvioa of 38 yoara. loan long a period ho hat of warn* 
doa* work ia many parts of India*, the r eport oa Pegu is his principal oeatri- 
button to tho 8 array Memoirs. As an enthusiastic aatoratiah Mr, Tboobt|M 
made good aae of hia opjiui tanfXaa ) asjperially ia (to broad** of iaad and 
fresh- water shells, aad the MtgMrn , ha' has lift h>» mark ia the annals of Indian 
toology. He takas with him tha Marty good wishes of all his ootkagasa oa 
the Survey. Mr. King wont oa f a rl oa g h oa tha ItHh of May, Mr. Wyano 
has been absent for tho whole year, having had to get aa sstessnoa of bis sick 
leave. Mr. Mallet was absent on privilege leave from 10th to 38th of October. 
Mr. Bali left India on the 14th of October, having retired from tbo asnrioe 
Although still ia sound health, ho was relootaatly oompsllsd to tike Urn atop 
on account of a looal weakness that disabled him from following say longer the 
hard pedestrian labours of field geology. Be baa, however, reaped a fair 
reward for the good work ho has dona ia India, having had tbs honour of 
being elected to the Chair of Oaalogy at Trinity (.'ullage, Dahlia, in aneorasion 
to ao distinguished 1 * Professor as the Revd. Samuel liaagbton. Mr. Ortashaob 
went on privilege *lcava a a tbs Slat December. Mr. Thomas Henry Digue* La 
To ache, tut. (Cantab), was appointed to the Surrey by the Secretary of Stale 
in the room of Mr. Theobald, aad jot nod bis appointment ia India on tbo 29th 
of November. I had intended him to have taken op work on the Demon trap 
in the Ron ken, bat an urgent demand haring arisen for particular information 
regarding coal with reference to a propo s ed railway to As sam tbroagb tho Giro 
Hills, Mr. La Tooche has been seat to complete the survey of the cretaoeowa 
coal-fields ia tho valley of tha Sa m ea ar i. 

H. B. M8DUOOTT. 

Soprriotmdmt, Qoobgieol Horary of India. 

Catecm, 

TU tttt of J anuary 1682. 


IM of BoeUUm aad other I M itol i oms from mkiek Mirtiwt law Isa* r sss toi a f 
to d oa at too, or a a e* sap s , for tie Library of Me O aby to l Ba rmy tf Indio, 
Barmy tt* year 1881. 

Autlt-Vrt Torfc State M a a sum . 


Bffltu Utluriii I 

„ Royal Natural History Soaiaty, N a th sria ad a, 
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It B**ds 0/0* Gteiefkti fcw/ iff MU. 

Bittn ^OonRia Geological BmakAf. 

H Roya I Prussian A c ad em y of fleienm. 

D/fU^ii^Aitdcn; of Sciences. 

0«okifrieil k» 4 Phlmtologieit Institute. 

M International Geological Congrom. 

Bona* y — BomU; Bnneb Rojftl Asiatic Society. 

„ Meteorological Department, Weetorn India. 

ftarTO*.~~ American Academy of Aria and S c iences. 

,i Society of Natural History, 

flax* lac. — Hiforiao Society of Natural Uirtofy. 

Bristol Museum. 

M Naturalists* Society* 

n*rs*«u>~Gtx)grepliical Society of Belgium. 

„ Geological Homy of Belgium. 

M Royal Academy of Science*. 

M Royal Museum of Natural History of Belgium. 

BtWArtst. — Urological Institute, Hungary. 

UrnrALo —Society of Natural Sciences. 

Cite i?tta Agrkm H oral and Horticultural Society. 

„ Asiatic Society of Bengal. 

M Marine Surrey. 

„ Meteorological Department. 

„ Surrey of India. 

GaneattHUR. Min —Museum of Comparative Zoology. 

Ctutism** — Editorial Committee, Norwegian NortJb Atlantic Kxpo- 
dition. 

I’.iminitit'f — Royal Danish Academy 
DiJcm. — Academy of Sciences. 

Um«».*-la« Society. 

Dt eUJf.— Royal Geological Society of Ireland. 

„ Royal Irish Academy. 

Kwnxracilf — Royal Scottish Society. 

Otsm.— Pbyikal and Natural History Society 
G laauow , — Phikiauphioal Society. 

Gotti st«v Royal Suriety of Gottingen. 

Halls— I mp. Leop. Carol, German Academy. 

•• Natural History Society. 

LAtnvxi,— Vandots Society of Natural Science. 

Limit.- —Geological Society of Belgium. 

Ltsuov.— Geographical Society. 

n Geological Department, Portugal. 

Lmaroot*— Geologic Society. 

M Literary and ftukaopkkal Society of Liverpool. 

Loai*M,— Geological Society, 
w* Iron and Steel InteRuta. 
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Lonoi.—Boftl Awatia Bwbrtgr. 

Bonl OMMUtUoil Mir, 

H Boyil IiirtiW* «f Oft BtMi. 

w loyal 8aeMy. 

„ SooMty of Arts, 

n Bootogiaal SoeMgr, 

Ltow. Haaaowi of NdmlMiMl. 

Mipmo . O tog raphi a al todMy. 
tUicnmi. — OootogAaJ SoaMy. 

UlaiAijj anA WtpnyMapI taalaiy . 

II | urm )TH HnliiwlMi fHii>lt>* ftmriitVm 
Mutonni — Mining 

n 1 m.. „»... A-i jJ * 

^ HwJH jpUUmiy wt ▼ JWPH 

Mtux— Italia* BooMf^i KiHiri Sri ooe m. 

Ahpi*v «f €a«adk 

Uo«c(m^In|MMt Xtten&iti. 

MiKKni.* M 4o^ Rwraetaa A > il w iy of Soteam * . 

N* re ha tel. — S ociety of Natural Soi enam. 

New Rav«h. — E ditors of lb# iw tan JmmI #1 Science, 

Niv You. — American Meteorological Soo##ty. 

New Zsalayxi. — Colonial Mum Geological 8wv<7. 
Piiti.-4bobgi0il Society «f Prance. 

„ Mining Deportment* 

*/ H Soo&ogioal Society of P*mm*l 

Piyxaucu. — Royal Geological Book!/ of Cornwall. 

Fbiladelpria. — A cademy of Natural Sciences. 

„ Amerieau Philosophical Society, 

ii Franklin Institute. 

v , Zoolo gi ca l Boeiofy . 

Pt*A.-~8oeiety of Natural ScicocM, Taaosoy. 

Rio Dt Jaweiiso.— School of Minot. 

Rote.— Rojfil Geological Communion of Italy 
„ Royal Academy. 

Rooekee. — T homaeon College of Civil Pngmeeritig. 

Baiut Ptrsanaeso.— Imperial Academy of Science*. 

Saleh, Mass . — Etmex Institute. 

H Peabody Academy. 

StMairoKK.— Slraita Brunch Royal Amalie Society. 

Stockholm. — G eological Surrey of Sweden, 
ff Royal Academy. 

6 fpm.— Department of Minet, New South Wale*, 
m Philoaopbical Society of New South Wake. 

„ Royal Society of New South Wafa*. 

Team.— »Royol Academy of Setemme, 

Vi*mu.~Agite*h*ral Mtnfctoy. 
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X**r4i *f Am Q $oUpmt Smrrtf *f Jndku 

VunwA^liBpirU CMfbl Institute* 

WM«!K<m»Y ^l>^rUM«i of Agriculture. 

„ BttiikaiM lolitttto. 

H United Staten Geogrnpbicml Sumy, mi of 100th Mon- 

d»n, 

United Riitw Geological and Goographioal Snrtey. 

W gu r i»uft>x.— Ocologieol Surrey of New Zeeland. 

Wslujwtow.— N ew Zealand Institute. 

Vosoiuiu.— Asiatic Bociety of Jsf ma. 

»« German Naturalists* Society. 

Xi fticfl —Nettirml History Soowrty 
The CoMmisrioner of Inland Custom* 
ffoetdetit, Hyderabad. 

OtiTenmmnt of Bengal 
m of Bombay. 

„ if of Madams. 

m of N.*W, Protince* and Oude. 

„ u Punjab, 

„ Chief Commieekmor of A«eam. 

»» m n of Hrituk Rurtnah. 

M » .. of Centra) Provinces. 

.« .. •• of Mysore. 

*, Superintendent ef Farm#, Madras. 

Foreign, Forvei, Home, and Revenue and Agricultural Jlcpartmenbi. 


^ North-West Kkbmir end Khfgtn (Uw*y soft i/ Gmb*jy 1/ 

Kashmir end ttriyMeuriey fcrrtioruur ) Ay H. LTOftKKflft, B.4., r.l a., Qtaloyiwil 
8 *rvry rf Wm 


(With map and section.) 

ImraoutctoiT. 

The geological work awomplwhed by myself during the pant summer has 
completed the preliminary examination of the rocks of the north- wesieni part 
of Kashmir territory. Some additional observation* hate also been made on the 
fucks of the IVIhajil range, and on those in the neighbourhood of Soeamarg 
and the Zoji-U 3 the latter ohmrnikm hate led to a oomplete re-determination 
of the age of certain rooks. The mean's work was concluded by a trip up the 
rattey of the Kuahtr liter, through the British district of KhfgAn, an appendage 
of Hariri, In spHe of it bring frequently impossible to lante the road oaring 
to the na%tkboaiWd of nnfriendly tribes, rasnlta of considerable geological im- 
portance hate beta yialded by the latter trip. 

As I hope at no very distant data to publish a general memoir <m the geehgy 
ef KAnlnrir tenitnvy ^ thens^bouj^distri^ theobeertarim of thepwt 
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eeaaow will be bat briefly noticed here. Tho rock* of the wrtnl dttrieto wilt 
trt 1-nrtr* t* fti iTt t~*t~ *n which t*irj Trirm ri o il i il. — «■ uMp g — «4 — 

I. — R«W|.Wi»t Kieaafa an m midpu KnaamaiuA ruut. 

Ii i w<» aw V IK yw w a. — -In the tea* paper of Hue aoriaa,' it wae a ta ted that 
the liaatn occurring mot Um village of Trigataa. of tlw porth-weatera 
rxtmutycrf the valley of Kialuair, ware probably ia part of triaaeiaag% tboagb 
they hod hitherto bom referred excJaairaljr to the oarbeaiferou*. A (Mtaauii- 
atkw of theae roefca haa now ahowa that (lagrifiimaU; iaall their chamfer* 
with the triaa, or (?) triaa.jara.of other parte <4 the Kdahaair valley, aad thqr have 
according bean referred to that eerie*. Thaw limeotoone do pot m tha watir 
abed of aorth-waaiom KJehtair. Oa Mr ao rt h oH y and eaaferfyr hordoni ftMgr 
are aodertaid by some ehaljraa* Mty|i*ia (ofloa ,of agtaesieh baa), Maoi 
with earthy iimeetoaeo, which are d oab t to ee the wpo — ea tetW eo of th* ewtowrf 
fvrooe. On the wwtera border of tho aerioe the baaal bed* are In g^WSh pSB*t eeSl* 
eoakl hy aUnrioni, No from thee* rock*, mm I 

oceordiogljr tho limits of the o urbonif s rae mm only b npprai mntefr mdfcul*d» 

(MW oH/fioi mrbomifarm* md trMt rodU t* mmikm m t UiWr^li) 
furious pUm in the north-west of tho Kiobmir nhft snd la tb district 
bitten thnt mid tbo lower Kisbntigungu relky, BiMm nwll oeiBer* of 
limestones end shules trt to be mot with, whom distribution it snfteknlfy ittdi- 
otted on the mop, end, therefore, doot not need farther pert ica lurking. Tbete 
rucks oYorlio, in ell ousts, the older pBleowkt, ted oontuin r o prm i n tetlecs of both 
the carboniferous fnd trine, though the exert dkerimiertkm between the two. 
in tho eheenew of *lmik, ie t metier of eonslderefek difficulty end uncertainty. 
The occurrence of theec rocks in the tributary Talleys of the lowor Kishungangn 
ie e mutter of eoae importance, since, from their grout raetnbkim to the time* 
•lance of tbe outer hiilu with which they ere in proximity, end from their 
identity with the undoubted carboniferous end trine of Kishmir, they afford n 
strong ooedrnmtfton of the view ulreudy entertuinod ue to the carboniferous end 
triassic eg e of tho letter tiau^totini, end of the similarly situated Uml further to 
the south-east in the outer hiik Tho absence of turn ik from the andenbied 
cerboniferonn end trim of north-western Khtinir, end from the o ar rs ep oadfag 
ruck* of the lower Kishengunge fulley, affords u negative point of eonneetion 
between these rocks end the unfomiliferotts limcetones of the outer bilk. 

Older pat* eerie* of nortk-v**i Kashmir — The older pehmrice of north*west 
Kishmfr, in their umnetuaorphoeed stair, continue ecroei the Kkhangnugn in 
the lower pert of thul vnlky ; but higher up thui ruUey. between Titwil und 
Change, the rim cram their north- western boundary, end ubore tide point 
their HmH, for eoine mike, bee ut some distune* to the south of the niter, tho 
honndmy sgmin erasing the riser in the Fdlme (roohnsi) district, und thenon 
sweeping rand to thn north of the monduvy hssia of TiM, d es crib e d in pm- 
tions p ne n. The minetmkgiosl co mp os it i on of those raks turies oonsider- 
nbly in difturat dktricte, timppenn rocks occurring mors ubunduntly on the 

» Jhpru, VeL %ir t p. SO. 
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•nttemi iwto of Um KAi-nix i*a** * * »»**»• ■»*!«* «ui mm atmim* 

to Um> Kiiliigi^i nlltjr. Here, m Iw tom ilmdy noted in jnotmhm papm, 
m to olber port* ol Ktokioir it luu not yet been lonnd powbte to mbdividn 
ttewi mte Into minor dirtoion, from the eridonec of atnte of distinct minom- 
teuton! oompoattioo. 

A wetiua ia tl>e ncirfhJmnrbood of tks T&tisiri pun, of tbs rooks Mow Um 
trim, mmj to ituttaurnd an s fair arormga aaamplo of the** rocks 

fttar ttawrtvMw awl <Un, lb* hIM fn>|«rnty wbwww . wtodtem 

M .<nl>«Hwl >Un. italo, awtewa, *6 O 

QmttiOm, «Hb pto strata** »»atw, awjRdakiUj, sad cos, | sStofenr 

tfW**#*****. * 

IVffjibjrtite fterW KTiftltA PrbHifiP 

Kmm thin Mtiion it will be eecu tki the amygdal oid# occur at a horison far 
fob** llm carboniferous, thus differing from the Kashmir section* described in 
previous puper*, where the amygdaloid* and other traps immediately underlio 
the cnrlswultmiu*, Among the trap* of this district there occur* a rock, with a 
peculiar slur’uhaped arrangement of cry stab, named by the late Dr. Vorcbere 
smdtmanito. 1 The conglomerate tneatknnwj l ia the foregoing section is seem* 
ing ly the same as that occurring in the Pir.PanjAl : it here apparently occupies 
s somewhat low Itoriaua in the scries, and probably has a constant position. 
In Phegi, oti Use ChinAK Colonel McMahon has lately come to the conclusion • 
that the eagkawrtm occurring in the slates of that district is probably the 
«*l*iv*bnt of the so-called lllaini conglomerate of the Binds district, which has 
been referred to the upper Silurian jwriod. IWw seeing Colonel McMahon's 
|x»|wr 1 bod come to the same conclusion as to the homology <4 thi* conglomerate 
ia Kiahttiir, far it appeared to me highly improbable that such a widely distributed 
n*?k should not belong to the same h orison. 1 am, however, by no means sure 
whether this boriaon can be certainly fist'd as upper silurian, seeing that in 
Kashmir them rucks seem to always occur a long distance below the fossiliferous 
carbunifema koruna. It may be, however, as 1 have often suggested, that in 
Kashmir a considerable portion of the trap and slate series, usually classed ss 
Mkrisa i* oarUuuferous. The lllaiui of tin? Simla district, according 

to Colonel McMahon’s identification, should oomupond with the part of tbo 
Kashmir slates immediately overlying the conglomerate. * 

MtUmzrykk* </ Ms hty-wdy. — In the foregoing ssetion the lowest rock 
espomd is a porphyrilk gneis s gra nite, the same as that already described in 

* J 4.11 UJ Vri. HU, pt II, p. ISO TbU «**«*• asms* from Us eccumam Is tbs 
bUl kwswa m Us tshbtd'tbdMa (throws at tkfaacal st Maagsr la Kiduatr. As Iks rush is 
gNwmOi feusd hm ts t is were h sl ha sad is of Isteaa* hwdatss, I bw hose mdh to 

haau s w di spri W uu to »i s w to st km . It b asstty wtifshid Sa lb Ml by its tm gjalmd 
pssa has* *Uh «wwy*jwAsad n SUhg slsas of small whit* cvysfeab snsttwl Ibnwgh it, wd b 
va hn hh ln Masttfjd** U» Khtair tag ska mat with cat of tha ndby, fir. Vemksm 4is- 
erihm Mat" yaeags htsesAindyii sad a ftbpskhk pafftpj.* 

* hyr s Vst UV.phg 

* t defer turtle* iwsMth* «u thb psial until Ihsvt psatasa By vtotsd th» iwiiliaim 

klb arigh but rim sl of l%»ft 
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pnrvioM paper* m occurring an either aide of to* Jhdsm gorge below the 
KhW» vnBjy\ The new of tin* gneim on to* northern aid* of the JheUm 
do** not Inna 4 oontiaaou cor* down to tit* Ihhuifm* rslley, bat me r el y 
e c omparatively email islaad where the highest peek* of th* Kij-ufg mac* an 
situated. Th* d*fa* overti* thi* ga *«**, sad dip iway from it na all aide*. 
Unfortunately no dutanet Motion, eshibitfeg the junction of the guise nod 
•!•»<*, era* aw i hot from it* mmUwm to the gneiaa, chawed m jmailiw ia 
other part* of the Himalaya, I am todtoed to tbiak that thi* Kij-nig gne ia* ia 
likewia* primitive. 

(hi**** watt of Ik* Skehtm.— In pervious pa pen of the present s crim, It ha« 
been shows that a oore of guise fernw th* hack-bone of the PbvFa*}il **-gr 

geeies gran ite, to ga t her with eaaw aeUataae f a im . Thi* man* of gnafa* ia, 
however, not oontiaaou with that of the KaltojA|NM, described in a farmer 
paper, ainee the Motion aoroet th* JH&wate p am ohhito no pNto at *11. Hu 
gneiaa of th* PirwPopjil aad hiilM paaaM ia oetirely of • aebiabw* type 
bet we e th eee two point* : hot the oo wtmaM of gn *t* » p ob b ie* to the tnfl*. 
tomato of the Pir-Paajil indicate* the eiiatwoca of some gneiss of a primitive 
type. Prom th* difference to the mtoaralogkwJ compaeittoa of the gaeia* to th* 
neighbor! rhood of tba Jbehun, and that of the Pir-Paajtl pass, lam now inclined 
to think that tba latter i* very probably altered patensoius, while th* former, m 
already etatad, ia primitive. 

Motam«rpAie$ of MiiUM Xtomlr. — To the northward of the gloat mam of 
etstyrocka, notfiyd above, a* oeoarring at the north-western end of the Kislunir 
valley, we some apon another vast aerie* of metamorpbic and au h - tu ta at orpMo 
rocks, belonging to more than on* geologioal period, continues* to tba north-east 
with ri milar rook* to Dirdktdn and BsltisUtt, d e a ori bed to tba preceding paper 
of thi* aerie*, 1 and to toe north-west oontiaaou* with toe metamotphia rook* of 
Khdgin, noticed to the sequel. 

In the Kiabanganga valley these rock* occasionally caaaiat of thin band* of a 
granitic but more usually of a *rhi*to«e gnnim, varying in it* dogma of c ry s t al- 

liaatow till it | into aoarosly altered *htm ; many of the aebiets are higher 

micaceous, aad frequently garnetiferou*. At toe village of Change, and again 
higher up the river at Doga, there are found overlying these schists, or wm (times 
folded to among them, certain more or tow altered ItomatoM* or dol om ites, 
which from their character* aeem undoubtedly to ourrmptmd to the trto* of the 
Kashmir valley. The occurrence of these b acetones todkat M pretty dau^r 
that, at all events, some of theee gaeissic rock* most be th* altered rapr iae tito 
tivM of the palanwoiea,— a conclusion which wa shall fed oa nfrm a i wham w# 
com* to tori of to* rocks of Khigia. The higher part* of to* lofty mage 
aapnwttog tba Kiabaageaga from tba KUgte valky conaiat of • gran Me aad 
fiaqnaadly p orphy ri tic g nei ss, ahnoat certainly primitive (‘wntral'). Here a 
roMidarnhle dittcuby p res en ts itself to regard to th* colouring of to* **p 
atoca to Khfgfe the primitive and toe palawaoto g a ti rnm an* ho m sfly aapmatad 

1 Z*r * Mo 
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m 4 dittiiifKMM cm tW map, while, as noticed in my Ini paper, no such 
wfaralMw ha* lam found (jnctictUf is Baltistdn. Ham, in tins interme- 
diate ommtrv, it m almost impose (Me to give a true representation, and it moat 
Kh obftnwi that tbikt in Khigdn and the lower Kiahanganga valley the gneiss 
of the two utftu in distinguished by different cokmn, yet in the upper Kishaa- 
gangm valley, ami to the north and eaet of the name, the one colour on the map 
im crMMtidered to trmbmce gneiss of two ages, the easterly termination 
of the purple arm ott the map Unng merely an arbitrary one, and not in the leant 
repmarfiting the real distribution of the newer gneiss. 

To the north -rant of H ha nil, un the Kiahanganga, the garnet if ercms schists 
are again underlaid by a highly crystalline and sometime* granitic gneue, pebblea 
of which am found in the palsvsuic conglomerate somewhat higher up the river. 
Still higher up the river the granitoid gneiss ii underlaid by the garaetiferoue 
erhistii, pruhwbty a mm of inversion. At tho village of Kd 1 and up the valley 
leading t bunco northward, them oocnw much of the M augen-gneissth” of Actor, 
described in my last paper. As at Astur, it in impossible to say whether this 
gimsft \* primitive or altered palstosoic. 

AfdomerpAofW low.-Uji the tributary valley (Brai valley) to the north- 
ward of hoi, the “ Augen-gneisath M la overlaid by Ires completely crys tall ine 
schists. Near the upper end of the same valley there occur numerous small 
Out tiers of the characteristic landed tries limestones and dolomite* of the upper 
Kishangaitga valley, mote or less altered by mcU morph ic action. These altered 
eaUwieeus rocks conformably overlie the gneiss, and are sometime* found 
cwpfdng the highest \**k* and ridges, anti in other places let down deep into 
the river peges, bring not unfmpirntly completely inverted among the gneiss. 
The distribution of these outliers can only be approximately indicated on the 
map. No carboniferous horison can be detected among these triassie outliers, 
but their prtwencr aflonU abundant evidence to show that the underlying schist* 
must contain repreaentatinw both of the carboniferous and Silurian; while, 
from the presence of pebbles of gneiss in the |alrotoic conglomerate, it seems 
squally char that a moiety of the mrtamorpbic series must be primitive. Tho 
position of these outliers in (lie Brai strvum is such that they lie exactly on 
the tine of strike of the great triassie twain of the upper Kiahanganga (TiUd) 
valley, whence we may conclude that this basin one* extended much further to 
the north* west than at present In my last paper it was stated that a mass of 
similar Umeetanss had been noticed by the late Mr. Vigne as occurring in tho 
Indus valley in Childs, on the strike of the Kiahanganga trims: it ia probable 
that this mass of limestone is another triassie outlier among metamorphie tucks. 
These metamorphie triassie limestones of the Kiahanganga Hrrr are precisely 
similar lo those of Battista* described in my last paper. 

AWtrrip btwtikdtw <>/ Kiskmtpmf* secondary W«a.— The seco ndar y basin 
of the Kiahanganga valley and the Zojuld has been already described in previous 

‘the m a f oeri d w s t i W me hUemp (ssptsA turn tW htfa sths) st ftfcfc yefag, the 
twslb of tb Hat Uiwa. «d tie Woman frm Mebl «a tW oppteito Skdth IMwguya 
Ms* spwwlnt m m wwslwv, »lmn Iky an rwnOy aki* 4 miftw sywrt. 
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p*fm» though Ha northerly tanuHtm was not larf. ll has now bam found 
thttt it extaada only a abort datum to the aortfowsat of (lam, the carboniferous 
roeka sweeping roand the triy la become nntiaaau with dma of da Kuan 
paa ud BmU rinr. The oarbonifareona ia underlaid by tlw aUir pdaowie 
alotoa. which a abort datum to tlw north- waat pa gradually into tbo greet 
maas at metamorphice of DMktia and “iTtirtlt 

Botha af - S as m assy mi fit Sofi-ld.—A rMiiaiiatiaa of tba roelra (a tho 
neighbourhood of Sonamarg and tho Soji-U, at a time when tka waaby ana 
free from enow, haa raanltod in ao entirety dtkmt detarmiwatiuW of the age and 
reUtionaof aereraJ of them mb from that paitufy entertained by mynaU.* 
It haa hitherto been ooaaidared that an the footboard border of the ttonaMlf 
trine no oarboniferaaa atratn existed, the palamook) umygdalaide adjoining 4b 
trtaa, and a fault existing at the fine of junction. the aimer exam Hurting of tha 
carboniferous of dm Kiehmir valley undertaken lent year haa, howwvnr, shown that 
certain earbonaoooaa and pyritttbmaa dab, and tdae, frequently qaatte. veined, 
limestones, occurring immediately above 4m amygdeioidel mb of Sonamarg, 
mnet be the representatives of the carboniferous, from their Identity in mineral, 
ogical structure with the fomiliferone carboniferous nf Ward wan and Kiahtnlr. 
Three roeka, which form a very thin band, are eacveedod by the triaa, aa h ahowa 
in the accompanying aection. The triaeeie roeka have at first a northerly dip, 
subsequently becoming southerly, after which, owing to invention, it again attains 
ita northerly direction ; approaching the ZojtJt, thia trtaa ia ovnrlatd by the 
name carboniferous roeka aa oomtr at Snnamarg, On the aatna aide of the 
pnea the carboniferous roeka are in tarn overlaid by alataa and greeaiah trap- 
like roeka, which mart now ha eotwidervd aa the ropraecntativea of the abler 
pabrosoicn. Theee roeka were originally aoelaaaed hy Dr, Btolietka ; bet olwerva- 
tions nude hy tnyaelf in the njiper Lidar valley (Panjtdrni) led me to the roiwdu. 
nil m tliat they were newer than the trim. In that district the aeetioa ebowed 
that the aktea mated on a synclinal of the trim, whence it wma inferred that they 
wet* the newer of the two. The conclusion now arrived at aa to the relations of 
the mm roeka on the Znji-U lead* to the inferenoe that in the J’anjthmi section 
tho elate rocks must really form an inverted anticlinal below the trine, spread- 
ing out above in a fan-shaped manner so w apparently to overlie the latter. 
To the south-east of the road Hading up to the ZojiM the strata appear to ha ia 
normal sequence, the pahrocoic slates dipping to the south- west mid south-east 
and underlying the limestone series. The anticlinal, formerly stated to oeeur in 
the tries near seems to be merely an inversion. 

II.— Tat Low a a KuimtMU vsuar u« Kiioia, 

Tertiary mots.— In the lower Kiehangaaga valley the palamMMO states of Kteh. 
mfr attend to within a couple of mites of the village of Pale, sweeping round in 
a horse shoe Iona on either aide to Ndga station on the south, aad Makra station 
on the north. Within thia horse s h oe or bey of older rocks there ocean a huge 
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mmpf the mat of the Kuhengangn valley, and are continuous with Am «f the 
JfWhn valley, while to the north they etlnid into KhAgin. The junction be t ween 
ttw (UtkriM and tU p*la««a»KM enema to be mi original one. tl»c nob of both 
striae prwaenting a pamflrlium of itmtilbition, with a genera) highly inclined 
Ottitml dip. though them in very frequently alight inversion : further to the wet 
tbi* litneiMtu tmruriwR tb rule. The rod Morn* rack* continue to within a abort 
diatom** of Mu**4ir»h*d (Mosaftmtiad), where they am underlaid by limestones, 
crowded with fmtumuhw* Thtwo numraalitic limestones form a tongue, stretch. 
i»g in trum the north-wmt and cutting off nluumt entirely the Ktahangnag* 
end KhAgAn Murree neb from thuae of the Jbelam valley, though there 
i* a narrow romrauiii«mti<m near rhenaat station. The ‘ tongue * of numniulitice 
ptwhaWy forma an anticlinal aiw, in verbal toward* the aonth. It would aeeu 
from the relation* of the Murree rock* to the paheosoica that the aammulitica 
wete by the former rock*, and that they never underlay the whole 

tertiary area. The Mowdirabad uummuhtic* unite with the band bordering the 
right lank of the Jhelam below the Maaatimliad lend : to the north theee lime- 
»t«»n*« continue to a }w>inl a little bywul l!*la-kot, being overlaid to the north 
and mat Ivy Mum* Iwda. In the Khigdn valley the Vrtiaries form another bay, 
rather smaller than the one in the Kmhaeganga valley. The lower part of tine 
bay i« formed by Mttrrre hnin, amt the higher by nummulitic limeatonoa; the 
bordering meka arc hi all oaaea pitlavmntes. 

H*Ltf*c** of to older racks. —At the junction of the. nummulitica with 

the paUmaohm, on the Kttnhar river lalav Khigin, the atrata lira nearly vertical, 
with a alight south -westerly dip, the nummulitica overlying the pahaosoicn* 
There ap|Nin to be strict fautlvlum between the at rata of the two rock aerie*, 
a* far aa can he abmiHl in the limited portion visible in the section* A similar 
relation of the pahhosmos to the trrtiarie* ha* been previously noticed in IaiUk. > 

f<mciu*utH4 on Ih* —The occurrence of the bay of tertiaries 

* ll mat m* V oat ig ptirv to mmlkw that, ftww lU* middle vurku of tb* Mum group, 

nm OhsW. inlV l>jw JVfct* valtoj, ! id4aiacd Ust aatunm a fmgwrnt of the tpml of a 
pah*. to aupvrWahk h IV IVistm**!*! b«« iWriU totow as Mug way cheat; allied to, 

if mA UWtttkwt wllh. fd«l mqipr, 4 (hr middle and town* niewtr of Rump*. The w titmu cf of 
Ihwi mWtw pafaa i* * knthwe (hr hbt lhal of tV mmmnmXttrrvm siwatiks Uafwm* import «m. 
m ll warn way in *«t*natagr the rcarinswm* fxwknwh arriml at by Mr. W. T. Hknfad mm! 
«*W. aa to th* pUoerto aga «f tV Uttar. TW |twtm of awmmaltUa marks Urn wewne eg* of 
%to MMitha TV fwvtont fossil indicates tV miow w if tV Mima gwmp (tha fmail 

«aa N«4 that tV middle d this srricsl ; ml We, cm this rcidkws »Vw, tWSlnlib thowkl 
he ptbwewe, 

• TW MwsadraWt Hmmtom* havr Wi tV touwv of cwshlmbb dieewadon and dflmhy. 
la IV «M|a)wgdihWiW Vet. IX, ?» tl4, * wp.) tVy wm ekaaadw aeatamHW 
(SwVtVi VvwrowtWl with tW yahm a rito to tV methwwni la a anhmquMH papar 
\Vvt XU, p. If), owing to Ihta asuks and Iht aaa dlamutry of awmwialitr* ia tkltnaVatt 
NtotrM 1 em to tV owrW that the wrb mart W the a^wivakat g tkr I'ri lima Mae 
khlVrwptVJVlua vatlay, W Vwm of ««»ly memaatr «r kto paWrir age. Hit darwAm 
of the past mm mm have tnalty m iV «pw«tkm at mat, 

.* W T«k uti, p n, 
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rvnniaf up the valley of the RhkUr end KiitugMigi rivmi m e feet of mods 
geological interest. The pmeeuce of this h ay, tehee together with the dream* 
etenoe the! thwinner tertiary boundary U immediately ealetdo a snowy rang*, 
the nature of dot boundary, end the uon*oecurr«nm of in; tertiary twice 
beyond it, seam to point to the oonelaMon that thet b ound ary ie approximately in 
original one, thotfgh, of course, the limit* of the stmt* here been somewhat 
curtailed by denudation. 1 Hence we may probably infer that the £jfcj*cuig and 
Fir-Fanjil range mark* an old ibw line, while the JheUto lowed into the «an 
or estuary at (Jrt v t and the Kunhir and tCtshungtftg* riven, by dietbet month* 
into a gulf northward of Moaafirahad. From then obervadom it will follow that 
the preeent drainage line* of the eeantty mu*t bare misted in earl/ terffigiy 
time*. 

The lower Murrae bed* an eevtafaljr of marks* origin, a* they tonally don* 
tain nommulitea ; while, from the neeamenai occurrence of fr*eb~ water ahette in 
the higher bed* of the eerie*, we may infer that the latter are of ftesh-water 
or brackish origin. Heaee it name probable that the nummebtir mm gradually 
receded, and wa* replaced by estuaries and lagoon*. We may further infer that 
Himalayan land existed in eocene time*, forming a shore of the eocene am, 
and affording material for the immense seriee of tertiary deposit*. Considering 
that we have fair evidence that the Fir«F*njdl and KAj*n4g raege*f«rmml 
an old shore line, it mem * remark a hie that no pebble bed* am found m the 
lower tertian**. This may, perhaps, be explained m follow* 3 — Baaing that 
in moat places where the junction between the palmoeokn and tertiariee bn* 
bean observed* (Is in KJdgbtt end on the Jblm at Uri,) them ia a strict par*)- 
lei ism between the two eerie* of strata, frequently (a* at Uri) with invention, 
we must suppose that the palnoaoiea forming the old shore line had origin* 
alky n low and gradual dip toward* the «es ; the tertians* would then be thrown 
down upon these rock* with the same general inclination which, in a limited 
area, would appear parallel. Portlier, since the older rock* dipped toward* the 
sea, they would be bat slightly affected by denudation, and since the as* may bare 
been a cumntlem gulf, it is not so difficult to imagine the absence of a pebble 
beach. Finally, a steady upraising of the whole arm by a lateral thrust would 
very easily crush the tertian** against the paheosotes and invert the tatte r upon 
them. It may he concluded from this, that hem, a* suggested by Mr, Medthwti 
(" Manual,"* pp 6d9.9H0), a great upheaval and denudation of the older reek* took 
ptao* in pro* tertiary time*, while the grant epoch of contortion and crushing took 
place subsequently. 

Met tactien of yaetsne art's of Mr PfcPmj&l ef tk* Kbhampmf* In the 

“Manual of the Geology of India, ** it hoe been amdaded* that tho valley of the 
giA ‘TT ** Ui«^a— j^mI, and of tbs Jbelam bdow ite grant bead at that place, 
formed tha bonadaiy of the Himalayan area proper. This oonctauioo Is st r i k ing l y 
eonffnaed by the bay of tertiary rook* occurring h the lower Kiabahgaaga 
valley, and by thegvadaa! but complete eatinctfon, eome dt ste n ce to the eoutlu 

• Tbseplakaatifstsftjmmft by mjmM (teprs Tsl. IX p. UAK that Oris tesadwy was a 
hrini ess. will ast hold. 
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Wit of this vilbjf, of tb ge ct s sic ixis of the Pbftiijii axis 

which m fas traced «p to Ifais paint cantmuoualy from the P b s e to dU r reage, 
with fast slight interruption, and, is we approach tfas n% of tin Ktshatu 
ingS Worn fpridsil); leas and less marked until its final disappearance 
famuli a teas* at Silurian and carboniferous rocks in that valley. Tin games 
to tfas westward t 4 the Ktshangenga belongs to an entirely different moontain 
sy st e m , namely that at the Moetig and Chilis ranges of Baltistdn and Ladik, 
described in previous papers of this serire. 

014#* n#k* a/ KkAjAn.—Ktrvriing to tbs rocks of Khigin, we may continue 
rmr aarrey liy commencing at the tapper end of tfas vnJlcy, where we find the 
rusks at the valleys and bordering ranges to consist mainly of a compact gneiss- 
gratttir, frequently porpbyritic, with large twin crystals of orlhoefauMs but more 
generally fine-grained. This gneiss granite is undoubtedly identical with the 
simitar rocks describes! in my last paper as occurring so frequently in HaltisfaUs, 
amt a(»pareutlj the representative of the central gneiss of Dr. Ktolicska. It is, 
however, quite probable that among this gneiss there are bods of the newer 
gnetsa* 

!«i several places on the sooth side of the upper Kbtgfin valley, this primitive 
gneiss, frequently larking all signs of strati tint ion, is distinctly seen to be 
overlaid by a newer and schistose gneiss, with considerable indications of oncon* 
family. This newer schistous gneiss, and other schists, are frequently highly 
gimtifanm* and micaceous. As we descend the valley, the newer aohists 
gradually become leas and leas crystalline, fill near the village of Khtgfin itself 
they become almost unaltered slate* and shale* ; while belong that place they 
pea* into greenish sandy ami slaty rucks, undoubtedly the name a* many of 
the older palsroamro of Kashmir. In various parts of upper Khigin three semi* 
mctnccaurpbic narks are overlaid by carbonaceous and pyritoua shales, which have 
undergone a partial metamorphism, and these again by a hard white or huff 
melatnorpfaio lunreton# or marble. The close resemblance of those rocks, whoa* 
distribution is approximately indicated on llw map, to tbe metamorphosed trias 
of the Rishanganga valley, and also to the unaltered carboniferous and trias of 
the Rtsbmir valley, indicates a strong presumption that they are tbe same; 
It Is farther probable that the representatives of the Hasire * Tanol ’ group of 
If r, Wynne are reprreents*l among three rocks. 

Frequently, owing to the extent to which the metamorphic action has been 
carried, the presumed carboniferous acme cannot be detected. The presence of 
three rocks, if rightly assigned, confirm* the conclusion that the newer Khfigin 
guanas, which ia the same aa that of the lower Ktahangunga, is the al tere d 
representative ad the palwosoisa* 

tJ mk n mm mk-Ii opjwr KMgfo> it O* vilkgo of 8oek. tkm oonr 
oorteia pmUt wutetottw, nungM with mom tUgbUj altera) Moo ^rirtnim. 
Mtd «hm attelaa, nteiag on U*> ga te . TU, rooks in left nnooloarai on tko 
Mf Oft I «MMM* 4*01*000 tkoir Og« t tk.J OfO Mt Unite OMBO of tl» "»"»■»»- 
klkn, bat 1 ao«U ted no ten of mmamUtea ia tko liawotowte. 

JMb tf ffa dm IIa*4r*. — Id roaoluioo, a tew rnnorka nay bo added, m 
te tko wmkliM of tko racks o) aottkora Hate wapteoda, tko lowor 
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portion of the eouiw of the KfmUr Hw, and the adjacent conoiry to the wart 
•ad milk with thorn of KMgtn. The Utert report on Um geology of Hrta 
i» by Mr. Wy«ee, mid will be feud in the 12th volume of the ** Records, "• 
accompanied by a up, which includes port of tbo ano exhibited la the atop 
■WMtPrtlihff *ka pNMat notion. la the two map* acme alight differ*****! will 
he noticed, oocam o oe d by the different cetimrtea taken by Mr. Wynne wad myealf 
of the diatinetioae between elotw and eehmta. i ehort notice of the acetic* 
between Mnrree and AbboMnhnd, in U extra, la given by Mr. Wynne in the eeua 
Tolnroe * and the geology of theSirben wnumin in fewer Hadrai* tieatadcf by 
the came gentleman h» the Mb volume of the “ Maowdm." 

In northern Hart re Mr. Wynne d ja tingni ahae the following dirialona of At 
infra-joraaxic rock*, tii. 

* **• {sc 

, f Infra-triM 

a ' \ and Tenol eerie*, p a teiq g to the moth into gttaMw rorta. 

2. Attock elate* 

1. H extra gneiae- 

The trine Mr. Wynne ideutifie* with that of Xiahmir, and there can he no 
doubt that tbia ie correct 

The age of tbo Tend roc lex ia not determined, but it ix evident that tbia mart 
lie between eome part of the pabeoaoic and the trine. 

The Attock elates are coadoded to be palwoeotr, with a pnsaihility of being 
aiiurian. Mr. •Vt^-nno donbtx whether tbeae rock* are the nw an the ailorian 
of Khahmir, mainly on nceount of tiieir ram -amort* turn with goeuM. 

The HaaAr* gneixa ix identified with that of the Kij-nig (Pii~Panj41) range, 
bat ix mid to ba differently placed. 

la Mr. Wynne'* map* there appear* a large aeriex of aebiatoee nwba, lying to 
the north of Abbotnfand. Tbeae rock* do not appear in the table given on page 
128 of Mr. Wynne'* notice, unlem they be tool mini in the Tend eeriee. They 
are undoubtedly the mme ax the newer gneim of KMgtn, which bee been chows 
to contain lepreaeutatirm of tbo palwosoice. 

My own ofaaonmtfene tend to point to tbo intimate relationship of theca 
cehiate with the Attock elate* : the rock* on the lower KiinMr river, mapped as 
anch by Mr. Wynne,* appearing to pom imperceptibly into the newer gnei m and 
ether achixta, of KMgtn to the north, and of H extra to the aonth-wnst I am 
thna led to eoadnde that the newer gneiss aerim (or xchixtx of Mr. Wynne), ie, 
rt aU eventa in great part, the m e tamo rphosed r e prm s ntati re of the Attock ebrtm. 
Both these roek eeriee would, therefore, aeem to eonmyo o d to the dart arnica 
of Kiekmtr, which has been mainly cla ee eH a* aflaitan, thoagh that* hi a peart 
bOity of Ma upper part being carboniferous. 

Since the of Mr. Wynne'* n otto* of northern W a cara, Dr. Waagaa 

has mggastod* **-* tha Attock sktoa my ba of oarbonifaronx age, hia aaggeation 
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baring based <m tin evidence of i rorbrmiferous hnehiopad, embedded in duk 
•hale, eaid to bare toon obtained from tba Punjab. The tridaoot connecting, 
this famii with the At took (dates is, however, only circumstantial 

Bering that, according to Mr Wynne, the Tanoi group overlies the Attack 
elate* with marked unconformity, it im difficult to accept the view of the 
rarWmfcrou* a gn of tho former, since then* would thus seem to be no place for 
the Tsool*. Perhaps a way out of the dilemma might he found by considering 
that merely the topmost Attork slates are of carboniferous age. Even then 
however, we have the Tatml* vastly thicker than the undoubted carboniferous of 
Kashmir, to say nothing of the unconformity between the Tanola and the trias. 

The IVaaArm gneiss of Mr Wynne is undoubtedly the same as that of upper 
KMgan, where we have seen it iinderlyitig tho newer schist#, and doubtless 
ttwmi ponds to the ' central gneiss 1 of !>r. Stolicska. Its apparent super-position 
on the newer sclusU in II aw re must he duo cither to inversion on a very large 
scale, or to a fault. 

In confirmation of the view of the correspondence of the Attock slates with 
tho slate series of Kashmir, 1 may add that 1 have this season identified, ss far 
as this ran lie done from asset structural similarity, the slates occurring on the 
upper road from Ahhottahad to Murree at K&lahAgh, described by Mr Wynne as 
A ttock slates, * and those occurring in the gorge leading from Lfima-Yuru to 
Kalsi cm the Indus in Ladsk,* considered both hy l>r. Stolicska and myself as 
bring prolmhly of Silurian age. Similar rocks occur at Drfi*. on the Kashmir 
and Imdik road, and have been identified with the great mass ^f the slate series 
of Kashmir. The proximity of the same Kashmir slates in thf* Kishangnnga 
valley h» the Alhek slates of the lower Kunhir valley seems of itself sufficient 
proof of the identity of these r*»chs. 


0» $»m« Good wans Labyriathmlonts, 6y It. Liokkkkk, II. A., F.Z.S,, Gtol*yi~ 

m/ Carrey '*/ India. 

(With a Plate). 

?»frt*W*ory —Since my last notice of (londwatia vertebrates,* Professor 
Hush*) has returned to the Indian Museum certain remains of labyrinthodonta 
from the Penc-bet and M alert groups of the Oondw&na rock s cries, some of which 
are of sufficient interest to merit a short notice here, as they illustrate more 
fully than previous s|wcimens the structure and distribution of certain forma 
of these interesting salamaiutroid animals. In the plate accompanying this 
notice soma of the test preserved of these remains have been figured, together 
with (fig. 1 ) the small lower jaw of a Panchet labyrinthodont collected by myself 
kit year, and referred to in the above-quoted notice. I now proceed to notion 
the various specimens svrotfua. 

ef PacxTtmvu ixcrevm /rent ike Pmuskm i group.— In his de» 
•gripthmef the n Vertebrate Fossils from the Pancbet Rooks , 4 * Profmnor Huxley 

* geswa* Vat XU, p. XOfi * %*•» V«l XIV, p Ife 
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ducrihad sod figured the hinder moiety of the left ramus of * labyrinthodonfc 
mandible under the new tmmm of Peclyyoatf* facurvota. This hiwer jew is 
ebnrhnaai % id roughly aoilpMirad outer surfs**, end by id carry tug • me 
of minute teeth, transverse)/ elongated at their beam, hut becoming ««b> 
cylindrical higher up. The pert of the dentary element remaining in the sped* 
men in nearly straight, with e alight indication of the ayutphysial incurring. 

At e subsequent date I described 1 the xjutphydal portion of another hbjr* 
rinthodont mandible from the eerne formation, which wee referred to the same 
ijetm Thai specimen showed a series of smell teeth, pieced dong the free edge 
of the mm os, like those in Profemnr Hnxloy * specimen, end afce» a single and 
larger isolated tooth placed raternalty to the marginal series in jaxtspsitka to 
the symphysis. 

In figure 2 of the plate sceotapaaying this ndm is tt^tl ifeutixr^j^ 

portion of the right ramus of a h^fhthdftnt mandible from the I Whd group 
of rocks, being one of the specimen* returned by Professor 11 a i ley The ante rwr 
portion of ibis sjweimen is prerisely the same as the fragment of the symphysis 
dimriM by myself. The hinder part of this specimen, ae far forward as the 
point where the teeth bmsomv M|ar»tel by a distinct interval, corresponds with 
the anterior pari of IVifwiiwr Huxley's specimen; the new jaw in, however* 
ni(hi»r (iorper Uan tie UtU?r, and must ltsvu belonged to a somewhat larger 
individual The new «[ieciiuon makes us, therefore, acquainted with the whole 
of the mandible of /WAy^sw, It will be noticed that the hinder teeth are 
closely approximately transversely elongated at their bases, sub-cylindrical higher 
up, and bending* in at their cslnmiiue*. in advance of these approximated 
Uvlii an* four rather larger sejwmUtd by interval* about equalling their 

own shorter diameters. In advance of these, we again find another series of 
smaller and closely appruxunated teeth, continuing up to the symphysis, as in 
many other khy rinthodont*. There is one largo isolated tooth pieced cl ose to 
the symphysis, and internally to the marginal series. 

In describing his specimen, Professor Huxley remarked that ** inside Use 

dentary piece there seems to be a distinct splenial element It exhibit* minute, 

round, crater. like elevations, as if (ss is the case tu some Amphibia and Ganoid 
fishes) it bad given attachment to teeth/* The absolute c orns? t ams of thin 
suggestion is illustrated by the new specimen, for this shows on its inner surface 
a small remnant of a splenial element, bearing two minute teeth ; this probably 
continued along a considerable portion of the binder part of the deutaiy plena 
The outer wall of the mandible is nearly vertical, and of groat relative depth 
at the symphysis. The general form of the complete mandible was probably 
very similar to that of the European /✓jhynWAoflos ptttkyg»«lk* u, 

Pacitoohu from fh Koto-Makn jromp . — In figures 3 and 4 of the accom- 
panying plate am represented two fragments of labyrinthodont jaws from the 
Maleri section of the fttota-Makri group. They were collected by the late Mr. 
Htslop in Chutia Kagpdr, and were sent to Professor Musky, who never de- 
scribed them : they are coated with the red day characteristic of the Maleri 
• Pal last." ft*. IV, V«L I* pC S* p. IA pi HI, 4**. IS, IS. 
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liMmtkt f be fragment r*pTc*ctiU*i in figure 3 iii port** of the dentary element 
uf 11 mandibular ramus, ptwior to the i)finphy»ii ; while thit lrprewnted in 
figure tin portion f*t a left nimui, immediately contiguous to the symphysis. 
These fragment* m cimely wwrtnble the aheve-deec ribed jaws of PocAygontd 
I r***m«H that it appear* to me that they may be mfely referred to the same 
gritu* end 1 ivupmhahty (0 the wine specie*. 

The alenti Ileal ion of a Panclici fossil in the much lower Malcri horifon is n 
nitttu r (»f tome interest, a# hitherto the fossil* from theee two horixon* here 
b**<n entirely distinct. The present determination mnkee n ckwer link between 
tbrw two Meric* of the great Ctondwitm eyetem. 

(bAi^amr* vviAi.cn (act**) from the Pnnrhet yreup.— Another specimen 
fnmi the Paurhet nwks, represented in figure* 6 and H of the accompanying 
|iUt 4 \ (hhimimU of tike hinder |#»rtmn of the left ramus of the mandible of a com- 
pamdtely l«rge.*ixed lahymjtbod<mt. Figure h flirt* a r Jew of the articular 
easily, and figure H of tin* outer an rface «»f t hi * «|ircimen. It will he rrairm- 
Umi that in the aim ve.«| noted memoir' Professor Huxley described and 
figiir**! a » tender lahvrinthodonl mandible, whieh he provisionally referred to 
1h tno«)tyi*H* tampnvt * t* t a aju**ie* named from the evidence of n f ragetnentary skull 
from (he Pitttehel r»* is. The relatively common occurrence of fragment* of both 
thr«e »ktilU nod mandible* in those risks rendriw it almost certain that tliia 
provisional deterrm nation is correct, and it will henceforth b' mummed to he ho. 
The fragmentary ramus hew comprehend* only a portion of the 

artu ular and angu W»r element*, the snpra-anmilar having lifeii nearly all worn 
the cavity for artienlation with the quad rule and the Mii|icri«»r part of the 
arifetilar and angular elements being the only | perfect |*>rt»oh*. This jaw 
belonged lo an animal nearly three times the dimension* of the ono to which 
belonged the jaw figured by Profrwor Huxley : it would, however, be doubtful 
whether sue aWe would afford grounds of distinction, were it 

not supplemented hy certain difference* in form. The general form of 
the larger umndiMc agree* so ucarly with that of 

that then* is every probability of the two having belonged to the same genus. The 
follow mg (Miutd of difference may. however, he indicated —In O. rorf r*$ tlio 

wulpturing on the internal surface extends down to the sharp interior Iwnlcr 
of the jaw, throughout its length. In the larger jaw, cm the other hand, the 
sculpture octuipics only the upper two third* of the hinder portion of the outer 
surf at*', there Uotig a wide and deep groove on the portion unoccupied hy the 
sculpture. The two diverging grooves, so conspicuous on the outer side of the 
mantbldc of U /oagtrvetn*, immediately below the articular cavity, are only very 
faintly indicated in the larger jaw. There is, further, a considerable difference in 
the sculpture of the two specimens, which, though easy to recognise, is difficult 
to desenbe. 

The foregoing differences appear to me to forbid our referring the two 
mandibtea to the same specie*, and I Uerefore propose to form a new species 
for the larger jaw, which may be named Gvmeyl&iim husivyu Judging from tho 
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»t*e of the fnkf mc«( of the mandible, this animal meet hen attained a tongth of 
at leant 5 or 0 feet. 

LahyrmtXmhnUS gmpkgeiifivm tkt P*m*Ah4 <yroap.~~In {fare C of the accompany* 
in g plate, there U roproecnted the inferior view of the light half of the *y mphy ti* 
of the mandible of a labyrinthodont from the Paaohet rock*. The figured nmhm 
surface shown a portion of tl» bone marked with sculpt uro (the that of Umt* 
pJyfder. aad internally to this an exported surface which would seem to hare artt* 
cwUled with a produced sphmial element. The superior surface (not figured) 
has been somewhat rolled, and only shows sartskm* of the teeth* Them comprised 
a marginal series, and one burger solitary tooth* placed moss intrnmlly, near <W 
symphysis. Tbs superior surface ta nearly Hat. while the intm*ir gradually 
alofiee upwards from the hinder border of the symphysis to the aatenor herder, 
which consequently form* a *hivp edge. 

The form of the symphysis shows that this jaw (mast belong tt Pmlyye*** 
in which the anterior boriinr of the symphysis forms s vertical wall t« place of a 
sharp edge. It may belong to one of the a yned s a of (hwef^0fw, let this esaant 
be certainly determined 

t*f (li YrT*M;tATiirs nuou.it («<d is) from the fhadd gw**f> —In my 
note on Gomlwaim vertebrate* in the last volume of this publication slrrody 
quoted, a mandible of a labyrinthodont from the PauebH rock* wn» <hweri!«cd 
though not named, and shown to he different from the mandible either of 
(Jotm "flyout or JWk This specimen ha* now bra figured in d*v anr**m« 
(untying plate (fig. 1), ami it may be well t i mmpi tufcMc the mniu points of 
the (ltwn|itiun c s!h«(l/ given. The fmgmertt mm prises the g renter j^itiiou of 
the tight mmus of the wand tide, showing the articular cavity* and the greater 
(niH of ()m! dentary element. The ha**** of si* WH?by U jwmhI teeth art- shown, 
(lo'ittwing in liw from heforo IsrksAnh The teeth are nnM!i|»tioil in cwg- 
section, the tronsverse diameter bring the fongrr. The purti«»n of (lie jaw 
remaining is quite straight, very slender, run rule* I interiorly, ami *eu!$»turv4 
temally. 

The jaw of Gtfw.ojjfypft* Um^/tnMirm, bt»iil<M bring larger than the present 
specimen, is diatinguished by presenting a trenchant ©dga, fnm from forth, for 
some distance in advance of the articular cavity j while the jaw of V. husi< y* is 
at once distinguished by its enormously larger dimension*. Tim jaw of PucAyymau 
incumU* makes no approach to the present specimen. 

There is, therefore, no doubt but that this jaw dam not brkmg to any uf the 
named Panchet labyrinthodonts ; and as 1 am unable to nieatify it with any form 
from oilier parts of the globe, aad a* it is highly inconvenient to have to refer to 
species without any generic or specific na me, 1 propose to provisionally designate 
the specie* to which the jaw belonged as Wjrytojirthn (y**t*. yv&k*) 

Though the specimen is not quite perfect posteriorly, it seems probable that it 
had no ‘saprm (post) articular * process, whence »1 would belong to Professor 
liiaU'a group of Bracbyopinar, fjtowssyfyfdni, aad /^adypiw, belonging to the 
group Kngljpta, in which that proems is present* 

»&* Man M Rspavt os tks Snrie* sad ri ns rtficatto s of tbs Ubii«U>'«Ua ” Srti 
bus; Ihf, 1S74» 
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Lahfrmtha&mt v*H*hrm frtm Among tbe •pecimcm collected by the 

I late Mr Ifitlnp in tk mcki of the Maleri group, ind went to P r o fe ss or Hulflf, 
are certain impttMttti rfrt«l«v of considerable tile, which almost certainly 
b»Upl to «omo form of Ubyrinthodont. One of the more perfect of these 
boom is injtrsenu^t io figure 7 of the accompanying plate. It is impossible to 
determine ita genus of animal to which those bones belonged, and they are men- 
tioned Wre mrtvly to indicate the existence of a Urge Ubyrinihodont among the 
Matari fauna. 

It has Uvn suggested to me whether the large dermal acutes found at M atari 
avui id*** where might not hare belonged to the fatrnchian rather than to the 
rrorHHJihan (Pnrnjtuthut) to which they hare hitherto been referred. In regard 
to this < | mutton, it may be ohserred that dermal scutes and crocodilian vertebra? 
have tarn found in association at a place (Rewah) where no batraehian remains 
have him discovered ; also that at Malcri scutes and crocodilian vertebra* are 
very common, while only tire batraehian vertebra* are known ; and, finally, that the 
grtii'rally quadrangular form and bevelled edges of the scutes indicate crocodilian 
rather titan l*trarhian owners. It U, however, quite possible that some of these 
•cutes may have belonged to the Utter. 
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DESCRIPTION OF PLATE. 

GimooxaTni’s vkaoilis, (Lyd). Hinder portion of right ramus of 
th»' mandible. Panchet group. 

pACumvu ixnntVAn (Km.). Anterior portion of right ramus of 
thr mandible; left ram tin restored. Panchet Jfrrmp. 

PaciuooMa (?) ixoirvata (Hux). Portions of the mandible. 
M alert tad*. 

GoMommv* iu xlcti (Lyd.). Upper view of articular cavity of 
left ramus of the mandible. Pane he! group. 

Ouvuwum g Y »p. Superior view of right half of the symphysis 
of the mandible. Pane hot group. 

Lahyrinthodont vertebra. Maleri group. 

GoNimK.rms lit ilkyi, (Lyd.). Lateral view of hinder portion of 
left ramus of the mandible. From the same specimen as that 
represented in figure *». 


Kh K-wr Siwaltk nml Jumna Mamnuds by R. Lymxkkk, D.A, F.Z.S. # 
Ctroloyiati Survry cj Imlia. 

IItxna Siyalixms (Pale, ami CauiJ 

In a recent number of the 4 Records >l Mr. Bose has nmpened the question a* 
to the existence of one or two species of Siwalik hyamas. In this notice the 
mrmtixw of my own measurement* of the specimens in the Indian Museum 
having lawn called m question, 1 am compelled, much as controversies am to be 
deprecated, to vindicate my own statements. 
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H would appear that from an unfortunate jrnuamatkial inaworwry of mi**, 
Mr. Baao took another ahull for the om itt which iko KRtill upper tmilir 
was stated to exist, and bonce concluded my measurement* were wrong r .« In 
order that ibe question may be settled, m far w this point go**, am) also to 
remove any personal element from the matter, Mr. J, Wood*# man, lVputy 
Superintendent of ‘the Indian Maaeora, baa Keen bind enough to measure Urn 
transverse diameter of the tubercular molar in all the three skull* of gjwalik 
hysmas, in the Indian Museum.* In thu following table them lumwumnsats are 
IT* von, together with Mr, Bose** measurement* of the corresponding teeth in the 
two British Mneenm s pecimens In the eecond column of the table the pw n enaa * 
or absence of tho first upper pmaoiar is indicated, rvapaetivniy, by a mm 
or a cypher 

Xf w mmm*u m m *kmm 

at***. 


«. Indian Mturtini tktiU D. 44 • . , * * 0# ^ 

*. „ * B. 47 Ofifr* 0 

c, liritMh M tyjm <4 H. tod toto . ... OS* -f 

d. Indian M «k«U 1). n . . ... 0* 41 0 

#. ftritkh * ty|» of if. f*Umm 0*iS 0 


A fragment of the maxilla of another SiwaKk hymns in the Indian Museum 
(11. 101) baa the tubercular molar of the aame tomivfiie diameter ae in the 
akull d; it* shorter diameter is, however, 0*10, in plane of 023. 

In spite of my grammatical blunder, it ia father difficult to onderatand how 
Mr. Bose, with the throe skull* before hint, could have overlooked the above, 
mciiliotud diBiwvncem in the dimension* of the tulcrtuhr molars, and emirritte) 
himself to the statement that “all the tb«^ akull* »n the tvJMiott of the Indian 
Museum agree in runjwt of the stir of the upper luhTmlnr/’ 

Taking into consideration the gnpfuated ura h* of tint variaiho * in the vim 
of that froth aa indicated in the tabie, it *pj**tr* U » me that, f«mi this point of 
view, there arc not, aa I Minted before, sufficient grtiimiU for making mono than 
one ajH’Ciea. It will Iw noted that the difference in autr of the Mh in question 
in the skulls <i and d on the one hand, and J ami r on the other, •» the sum*. 

If any division wtro tuade of the skull*, including the maxilla, it appear* to 
me that it would he necessary to make six aperies. 

The table further illustrates the extreme irregularity in the d*v«lof«tMmi of 
the first prcmolar, which, in his original paper, Mr. Hun considered to bo an 
important character of his 11. ftlimi* Th* dcvelopmciit or noodeveh * j*tu*ot erf 
this tooth is seen to boar no relation to the site of the tubercular. 

Although Mr. llose in his last notice seems to rely on tho small mm of the 
tubercular as the distinctive character of his sperms, still ha manikin* that his 

• Tto Skill wmtfmir 1 bj Mr. Vkm ft* No D. *7, whifc th mm 1 nfsrml tosMI, 

• Mr. W«Kt-M*Km*a assaw is ml of tto iutourato la D. 4ft I* n s ntwh rt biffs tto ato 

• Mr .Ito# aaowiiit k OS. 

• Mr. Km* (* Qssr. Jour. (to*. fiortoy/ Vet XXXVI. p. IMS) rvwncka <m thawtoydto 
knife in all know* *p**to of Hpmrnm. task Ihiag sat (mrtU mmpt Mm M. fikmm. AsaMsfa 
akall id M. «rtoto fttorto, ssfcttstol la tto HfttMi Uwmmm, toeos tto atos «f It* 
ton th. 



to jtarerdi *f thi QeoUjiti it Smrwy if Mi*. [▼«* *▼. 

type *ku\l of //, in by it* greater ihttHs«Ni tnd breadth from 

It in H . (M'li/min. |i in, t mired, perfectly true that there in a very coutfidcroble 
(iiffirrvDcn Uitwien iiw form of the *kull» a mod r t the former being elongated 
utxl the letter wide* Hot then the •hall k w intermediaUi in them reepecU, 
approaching, however, in it* wide point*, nearer to • than to a. 

It in not *n»y to mo* tlie force of the aujrport Mr, Bone neeme to deriva from 
the otmfitaioti math: by tlie Kdiior of the ** J*ala>ontologie*l Memoir* 99 over the 
application of the name b'eU* eriefnht, ic waa fwiutel oat by Mr. Bono bimaolf 
ill hi* original paper. 1 * * * 

Kifailr, on wan mentioned in my prerioa* notice, I tiiink from the material* 
available to him, Mr. Ik**, following the Itetl of l>r. Falconer,* wan probably 
right in mitkiitg two «|wH:tiT* of Hiwnlik liyama*. The fuller material* available 
ta India, however, ecern to me to fwont to the concluMon that not more than one 
•)w»niw can at prtwent be determined. 

Tkam m * hivai.esjuii, nobiii., n. *p. 

An tipper nvdar tooth of n wmal) ruminant, from Mr. Theobald 9 * collection 
from lh«* Siwulik* of the I’urtynU in ingtit*hahte from the com*N|*mdivig 

tooth of the living 7 V»cu/k* and doubt lea* Udorigcd to an animal of the 

name genu* Simv H i* ii«|*«n*ihle t*> ili^tt^niinh the different living »peeie* 
from th«- rlmrartrr* of the teeth alone, it **'ett»* beat to indicate the f email by a 
diatiiict provisional name, which 1 projiomc nhouM Lie nrakiuii. 

Kvomti .s or vnr (i iha rr*». 

A att'.dy of the limbUimm and cervical w-rtebrii* of fnMiil Siwulik giraffe* like 
and mi \ it the nod animal* in the collection of the Indian Mum- urn, ho* shown that 
the Siwnhk ginvffe wa* very like the c&i*ttttg Kprii'H in the proportion* of ita 
hmhdmne* Nearly allied to thi* giraffe wrn« another long-limbed ruminant, the 
leg- Unit** of which were, however, oitaukcilily ahortcr tlmn those of the giraffe • 
thi* ruminant U jxno*ibly the name a* Yuhnuthtr /am. Next in the aerie* we 
have //pdojpifAer i* mi, whowo Is mb- U> turn were considerably shorter and stouter 
than tin*** of the lout form, but longer and slighter than those of Siiriitkvrium. 
Finally , thaw 1 of the latter genua have Ute preportion* ordinarily prevailing 
among the ruminant*. 

It ta not pretended that the above m the direct line of the evolution of the 
giraffe*, hut it may be taken a* a true indication whence tbtwe remarkable rumi- 
nant* were evolved. The specimen* examined indicate that the faxniUua Canada- 
pantaluhr and Stvatkeridjv thonhl be amalgamated. 

The detail* on which throe conclusion* arc founded, will be published here- 
after in the ° Falavontologia lndiea," 

1 n m isa 

* Ik fikiwr, 4a i kUir to tW Ut* M, tW BWnnlh M 4th October 1047, ideal In the 

pwMbilkij «( |J*W leiiqr two ipum. Iwth of hjaiai food ftipav*. (tw * IU lha,” 

VU.I. awl Adkhttd*.’ ) 
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HfttuiMmmitfiK. 

Ia figure \j>t pUle A of (&e unpuUUhcd pW of the M Fauna Aitliqtui 
the *kull of a large hm-nkwa ruminant from the Siwatik* 1* mpm* 
art) ted under tie name of the female of SMirum ptynm&mm* 

In deweribingthe aknll of JMMotkriwm d eiw m oyt from Attica, M. (laudry 
write* in reference to a oaat of the ahem akatl* * &e m4w a la m/ k m faille quo 
eeltti de V ReH<mttfk*rimm^ H la mnemMaae* gfefval* eat frappaate \ a la vfri *4, 
nee pidmolaire* eont an pen pie* grande* rampamdi cement «ox arriAra-mohuma, 
«a fane palatine «*avanoe moHin, «e* condyle* oeeipttau* ae eont pa* annul fe*H% 
la face poaldrieure n*a pa* de eftkaqee cAte de la orfte occipital** an enftmce meai 
prufomL Main, « cm fient rotaple 4«a variation* qu'un animal a pn uglar m 
pamafit de ] # Kurope dan* I'latt ***%*an§ date d«*pt*d i rappurfar te oitiue 
dont je parle I r<*pfoe de Oifm X. Falconer, qai a exntnfa* no* fu**fte*, 
jicncke rm» cette opinion/’ 

I bare not hitherto admitted MeMwa into the Si wait k fauna, bat a 
careful com|«artftcm of the caat of the aborts men thmed ahull with If. Gattdry** 
figitrn of the ukutl of ItrJfaJolKmum leavt* no doubt in my mind that tl*e two 
»kiilU belong, at all event*, to the name genu*. The qtuwtion, of coatee, *t)ggr«t* 
it**’lf a* to whether RilMoihrrmm can Iw the female of 8*vati**ri#** t hut tbl* i* 
nvgniivid by the greater length of limb of the former animal. 

The original aaaigttation of the ahull in quatimi to the female of 
m mi only to have been a gw**, founded upon the atmtlnrily of the teeth, a* 
the ttkuM really prtaont* no market ww^mMamm U» that of the latter gone*. 
Judging from the analogy of the pmff«, - Uh» ftenrvat living ally of Uum* fruwil 
iniomh,— it would Iw more probable that when horn* were developed at all, they 
were jutwml in boil) wn*. 

It i* tomewhal remarkable that the late f>r. Mario, In hi* memoir of AtVe* 
Mrriaw,* make* no mention of M. Gattdry** ntfunmee of the acMsalled female of 
that getin* to R* th*Uttk#r\ um . 

I think the Indian *pc*n«-* mn«t !w pruv»*ion*lly known ** H d**erwoy», a* ita 
«kul! avnu to pnwnt no oufficient point* of dhrtinetton from the Attic form, 

HimwtTUiri iiuvatict* (Kale, ami Caul ) 

la the “ Fauna Antiqua Sivalenak*,” according to the Idtmy of the platmi, 
and their puathumou* dmcriptioo, all tlui nuaioi of hippopotamus from the aula 
Himalayan Siwatik* arc? referred to IT. ittalm**. Two fra gment* of the *ym- 
phyai* of a aU •toothed mandible am, however, mpvwmtod in figure* 1(1 and 1 1 
of plate LV1I of that work under the name of R. miealfca*, and cum* from An. 
No other •pecinumt am figured under the name name ;* and aa no dtmeripium i* 
given, the ground* on which Dr. Falconer specifically dutixtgubbod *hmn t apod- 

* Autotype aufim of thaw pkt* emu W ohtai md *1 the Idht If mnua. 

* "Aattaaa* Fmdlm H <U t'Altiqmr p SfiU 

* ^Oaohgka] Magaaiwr.ro*. vtll, P ML M* Ooadry'* eetfc we eahtiahod la » and 
D». M«fW» amofar la 1*71. 

* Ktep a ndiw ia ptaft* Uxjiu, If 1*. 
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menu im unknown. Tbe An ipoeimeM mm, however, to be of miller else 
than (botlrnn 

In the Indian Museum there i* the lower end of the left radio* of a rwy 
small hippofwdamu* from A to, described by Dr* Falconer in hi* catalogue of the 
Siwaltk collection of th« Aiintic Hocirtjr of Ihngil (No. A, 308) 1 a* belonging to 
hi* //. trt*raiu~*M t Minted to correspond very closely with the specimen represent 
ed itt plate LX V, figure IN, of the *' Fauna Antique Si valensia” (aa H. 
lit the mmmv catalogue another bone (No. A. 307) is described a* belonging to 
//. irtivahrii* in the following worth : M Lower end of left femur, showing the 
art iru luting cond y lea ami a (art of the shaft, both much weathered and the 
sttrfaw abraded. mo a* to render the chamctcrU] indistinct. The hone i* pro- 
pnrtioimMy of much umaller nice than f/fppopohimus ftraimsis, and would thu* 
agrw with the dimension* of the radius, No. 303, and with specimen* aaaigned to 
iraratiru$ in the 11 Fauna Antiq. nival/** 

This t« all that i* known regarding the speci©*, from which we gather that it* 
remain* wcrv obtained from Ava, that it was * hexaprotodont,’ and that it waa of 
much smaller dimension* than II. §ival*wsis t which equalled in thin respect tho 
large African qwiw 

During a recent visit to England, Mr. W. Davies, of tho British Museum, 
shuttl'd nn< several lituMmne* of a very small but adult hippopotamus from the 
Htwaltks. w hich we considered must prolmbtv l**long to 11 irnwiH'M. 

In recently cataloguing the remains of Siwalik hip|H>f>otaniuM in the Indian 
Mnacfim, a left ramus of the mandible (No. 11 *VX») lias from its small dimensions 
apprarvd to me very probably to belong to Falconer's II. intent iru$l The follow- 
ing are the dimensions of this specimen compared with thoso of tho jaw of 
II nai/ouu. 


UrfSli of ji« al tml Iras molar 
Length M tv* hurt Wurth 
H fkrvt true molar 
Width * * * 

1*ft«rth „ Cad „ „ 

Width „ M 

length „3nl „ * 

W hill. 


H. lvavatkas. H. Mul mh . 


4S 

4*4 

77 

8*6 

1**1 

1*6 

005 

18 

16 * 

1*8 

1**3 

1*56 

3*3 

3*83 

1*3 

Iff 


These dimensions show that while the depth* of the two jaw* are practically 
the same, there is a great difference in the sise of the teeth : the hinder border of 
the symphysis is also placed farther forward in the smaller jaw. The pattern of 
the grinding surface* of the molar* in all *|wcte* of hippopotamus is so similar 
that no grounds of distinction can be drawn from their teeth. 

Although distinctions merely on the ground of difference* of siie require to 
be received with extreme caution, yet the proportion* observed in the jaw before 


* 9m * F*h!i«a, M V «4 1 , h m 

• TV lartsMV at tV sasdt ladtm Hgend Hi pb*t UV, A*. 1 ft, Wet** it doaUfal whether 
IhW «UtoWM»t sfjdWs la Uw aislMs tfind se N. ir w e f x ee, or to liab-bew tfwad as 
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t*i m compared with thou of ttw jiw of If. nVa/m#u, mtn to point to lb 
comoiii o oi of Dr. Falconer's conclusions oo to the esMoaee of a second «m*U* 
spades of timal** hippopotamus. 

1I4MIIAUAV remits rtou TBS JiUtK* AUfTtrO. 

Mr. J Cockbura, of the Opium department, hot vmmoUj pmseutod to Urn 
Indian Museum a mail aeriaa of mammalian bum*, collected by Mm in the older 
pleistocene alluvium of the Jim am and it* inbutar.m, in «h* lUndadistrirt, Tboaa 
immune art in moat caaee thoroughly mineralised, hko the Karbada ftwstts, They 
art, however, with a low smup b mn, in a vary fragmentary condition, ** that thmr 
•pact do determination m impossible They may bo iwfervwd to the following mm 
grnwa Mkphas, Bo$ «r Mai*. tftMm, Anbkp*, Jd/wmvt #£««* «od 
#Ww. 

Tho antelope seems to ba ideatoeel with lb Meek -buck, 4, m. Tb» 

rhinoceros cannot be spaciffcetyjr daiotmmod, bat an it was furnished will) lower 
incisors, it cannot have boon if. d bm mwmh c of lb Krishna valley pb \*h**w» * It 
may have been if. tndtrttf The specie* »#f #Ww, a genu*. like I be bat, hitherto 
unknown from tluwe dimwit*, «a represented by a nearly perfect apevittwci of tho 
right sraphoduaar bone, which ta of slightly larger sire than the Cormpnadittg 
bona of a fulLstaed Bengal tiger lleyond this slight difference in jus#, the two 
bone* do not present any appreciable pointed du t*m turn, and may have wry 
|m>hahly belonged to the earn* §jw<nm. It would, however, Ik m*h on thia 
acanty evidence to aay that the pleistocene tiger w« certainly the nemo aa the 
living specie*. 

With the reuflkin* of a small, rjectAcally indeterminable, home waa associated 
a email chipped agate flake, and other atmtlar flak** were obtained in the name 
deposits. 

It la unfortunate that none of the mammalian boa#* can Ite more accurately 
determined, ao that they might be uleiitjftod with Narbada *j>eeim footni elsewhere 
in thee* deposits ; built u almost certain that they belong k» the name epoch, 
and than afford another uwtanoo of the aaaoctation of the work* of men with 
pleistocene mammals. 

The liat of mamtnab recorded from the older Jamua alluvium ia new an 
follow* 

Bemnopi thorns, ip. 

Knelephaa na me d t ons (F and C ) 

Folia, ap. 

Mas t ap. 

Rhinoceros, sp» 

Eqous, sp. 

Hippopotamus pahmodkms (F. and C ) 

Bus, ap. 

Btthakm jaMnduu, <F. and C ) 

Boa, ap. 

Portal, sp. 

Autibpe cervkwpra (l*al.) 



84 Record* of (he Undo fleet Sorrep of India* [YOU tf« 

The Otology of Difluntftit, North- Wt*t- Himalaya,— By Cokmet C. A. Kclbioi, 

K- (i. 8. (*W th a map). 

In beauty of scenery. Dalboustc will b oar favourable comparison with nay other 
hilt station in the Uimahiya* north of Uarjiling. Richly wooded with oak, 
rhododendron, and the spruce and silver flm (Abie* emithiana and Pice* trtb- 
hit***), an iHMWKiorml deodar cedar, home chestnut, or other deciduous tree, gire 
variety to the foliage ; whilst boldly jotting crage of gneiss and granite impart 
an element *»f wildness to the scene. 

The view <m ail side* in almost equally good. Towards the plains, the elaya 
and conglomerate* of the Siwulik serin*, bright red in the glancing aun, may he 
*wn rising in fantastic pinnacle* next the NAhan sandstones ; and then fading 
away in soft undulations, the warm green of the Pint** longifolui^ with which they 
an* clad. blending into the deep blue of the distant horixon, where the rivera 
K4vi, Chaki, and Bias, glow like streak* of molten ailver in the glory of the 
•Hhng sun. On a clear day, after heavy rain, the CliiuAb may also be seen in 
the far distance. 

Toward* the north one look* down upon a perfect labyrinth of mountains, 
whilst snowy j#*«vks, feci high, abut in the view. 

The Dhtilar DWr ( IHmuladhkr) range end* somewhat abruptly at Dalhouaie, 
when* it attain* an elevation of 11,103 feet above the tea. On the eaet, north, and 
weal of Dainktind, the river KAvi flows, in iu course to the plaina, at an 
elevation of feet at ('ham ha, and of about 8,200 feet near Kairi. Aa the 
elevation of the district embraced in this paper range* from 9 ; 200 to 2,200 feet 
above the sea, it will lm readily understood that the ground ia difficult to 
traverse » and that it would have been impossible for me, with the limited time 
at tny disposal, to huve followed throughout its entire length the line of out-crop 
of each of the rock aerie* described. 1 have done so, however, to eome extent, 
and have made, map in hand, so many traverses at right angle* to the strike, 
that the accompanying map may be relied on. Until wo have a more accurate 
map to work withe it wonld be mere waste of time to attempt to mark the 
boundaries of the different aerie* in closer detail than I have done* 

As it form* no part of the object of Ibis paper to deecribe the tertiary aerie*, 
1 have only roughly sketched in the houndary line between the 8iwnlik» and 
the N Ahana. 1 note, however, in passing that the Siwaiik conglomerate* con tain 
numerous pebble* and boulder* of the granitoid gneiss of the DhulirdhAr and 
of Uw trap, about to be described, from which it is char that both them aerie* 
were exposed when the Biwatiks were laid down. 

The Volcanic Series. 

A considerable thick nets of trap ia found in abrupt contact with the rack* of 
tertiary age all along the tine. The trap t* of compact texture and of greenish- 
gvny colour on its fractured surface, with ocoarioaal purplish patches in it. It 
usually weather* from a light brown to a rusty brown colour; but it 

varies from sage green to a purplish neutral tint. The lag* green variety aoamly 
weather* at all. 
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Amygdalae ibonod Mtr ib upper tod lower bonbirp *d tk rock, mi) w 
occasionally kp seen in ike more central port tone There ere four varirtu* of 
ibeee aayfdnkiy*-whtte end red* end white centre* with red border*, end gnwm 
cm tree with red border*. The two ftni mentioned ere Ike mart common. The 
amygdalae ere of moderate tied. The rock give no surface tndtcetion of ted. 
ding. 

At peg* 007 of ike Manual of Ike Oejldgjr of Indie* It wee suggested tket the 
tveppcea roe&n of the Lower Himalaya*' ere of port-nummulitle age; th« feel 
tket the Imp rarely penowneme the krter; rock* ii noted, end the question ip 
asked, “ Can the explanation of this apparent anomaly be the! the irigia of this 
intrusive reek in rather innate then hyp#f*u*f* , Th* ***** u * whkk these 
remark* would fie applicable nwtv I cwmttfkr, be difbml from Ikowe now ewk 
consideration. 

Very eimiler rock* occur in Kashmir, and from Mr* IjdfUw'i deesriptioa of 
them, 9 — from the few specimen* sent m* few miewweopte inuwtiai^ 1 end from 
their mode of occurrence. — I think they represent tfc*» trepe under euaridevutiom 
At first Mr. Lydekker eeemed disposed to consider the Kashmir trap* to be of 
metemorphio origin,* but he gradually come to thr conclusion that they are 
° truly eruptive rock*,* H 

A microscopical examination of thin slice* of the trap* described in this paper 
hae quite aetiafiod me that they am mow or Wwt* altered Java*. I iwarnr* the 
further discussion of this branch of the aubjcct for a subsequent paper which 
I propone to devote to microscopic petrology. 

In the Dalkbnaie area thee* ancient lava* attain ibir greatert thickness be- 
iweea Kageli end Kami# (Kaodao), ami the ruige running them* in a northward 
direction down to the Kiri a* composed of them. Beyond the river the hand 
narrow*, and beyond Kairi bend* sharply round to the weal. The fart I aaw of 
them in that direction waa in the bed of the nrrr which Howe into the Hdri at 
Kairi, and forma the boundary between the Kaehmir and Gkamba states. 1 have 
not had an opportunity of exploring the country over the Kaehmir border. 
The climbing along the bed of thia river at the p*d»i indicated t* very difficult, 
and 1 do not recommend it to any one who k not a good cragsman, fa ita 
aoutberiy extension, the trap widen* somewhat at the elhowdike band between 
Lahled (Laleid) and Chambi, and from throe* it gradually narrow* until it bacoma* 
vety thin at the toll-bar gate below the Mimal traveller*' bungalow, Umber* much 
crushed end rotten, nod is pertly buried under talus. It i* wwn in good condition 
farther down, between Butoli (PeUdi) and Aubar (Aur), and tbestnwtu running 
down from Mimul to the Cbaki, follow* iUcourae fora considerable distance. 

The boundary between the Imp and the 5 than beds t* probably a faulted one. 
The stimta of the Hihaa mndrtone* aiw often ehacemd by vegrtathm, bat whenever 
I have had an opportunity of observing the dip seer Ike point of contact, i» hae 
been perpendicular or nearly so. 


» fjL, tha leuiw sweetal** lariedlaf sad cart ef tha ffiml* iwgtea 
« nirrirth. Vok IX, U, «wi XIV. * Hurt, XI, iU 

• ftsewds, xnr. n. 


« lUtrtk is, to*. 
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M JUmit */ lit Qftlofieul Surrey of ludiu. 


I* tfe Cbxiri (Chra&ftri) mctitm, the trap ia in contact with tbc oottgtonw. 
ratM o I the KtwtUk wrieo, tb« Nttura* hutting proiwWy been cat off by the f«Ut 
The crl the trap will brat tw constdraw) in connection with the west ranee. 

Tt* Odriwi/new linuteM fieri**. 

The rack immediately in contact with the trap elong iU eastern boundary is 
* qurtiil*, for the moat part of white colour, as trana-Bdei near Kairi. Thera 
follow* a thick m riim of «b»lv« and littMtonm, until the gneiee, which bounds 
tilt* Miritw fill tliti ctht, U nvchoil Kelt the gneiss the rock* count of a dark 
wuemm* slat* something between a abate and a schist, which disintegrate* into a 
Murk ** rock,” exactly mtuilir the M crush rock ** of the Simla area. A good 
asid an example of this rock may be wen on the descent from Delhouaie 

tit Hherpur (Hetrptir) It i* here, especially when wet, almost coal black. Thia 
dark slaty r**ek i* not confined to the eastern boundary of the eerice. I have also 
seen it at or near the western boundary, a* in the river bed trana-RAvi, north of 
Kam 

Occasionally limestone is seen within a few yards of the gneiss, and appar- 
rally in actual mm tart with it, An instance of this may be seen in the Chain 
section, where the limestone which is ms usual of dark blue colour, k eub- 
rr>*l*U«u© and contain* rube* »»f mm pyrites. 

One the best section* of the limestone sent* is, I think, to be obtained on 
the descent from ltalhounK to Hand arm. The gneiss is left a little to the east of 
l»hah»g. then succeed the dark carbonaceous slates, which exhibit a hypome- 
twmerphiAm m the tdutp* of nuramous glazing, ltetwmm this and the quartsite 
m tm. tart with the trap, 1 counted lour strong outcrojw of dark-blue limestone, 
intercalated with blue date* The limestone is in hand* of from 200 to 2&0 feet 


broad, and in beds that randy exceed 2 inches in thickness. 

Ahmg this section the dip of the gneiss varied from about £ 11* S to 8E, 
*nd the nueareov.* dark rocks from SSK to SK 11* E. The blue alatea dipped 
first high VV. then jH^wmiicular, and finally returned to an E or E 11* 8 dip. 

The lime Mum* scries, as a whole, dip# into the gneiss all along the line. 

f think the car lam amnia slaty rtcb above described, which disintegrate 
under the action of water into black •* cash rock,” are identical with the u «a/fe- 
Krot ” *Ut«s of i ho Simla region, which, even in that area, contain “ lenticular 
Uy cm of limestone 4 ” 

The s* rica under consideration corresponds, I think, completely with the 
*W nptom of the Kid group given by Mr. tydekker* At the bottom of that 
gn>u|» there is a purple or white quartsite, and then follow black contain- 

i ng thin *' Uml« of brittle nal/' followed by dark-blue earthy liocet on e. 

Mr Ipkikrf at one time thought the Kid, which be correlated with the 
Kndjgrowp to be of carboniferous age, 1 but subsequently be concluded that both 
the krul and the Kiol are *' repreaenUitives of carboniferous and tries. 4 He noted 
that " some of the shake of the Kh 4 are much like those of the tYru-Krol,*” and 
conaidcred that the teller at* probably of rsrUinifermi gpt 
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WIT 1.] McMabov : Gmk# Daltons*, 

I» Kashmir, rocks of carboniferous age appear to pee* b/ tofovtoptihls 
«to «tos* of Iks Titos ;» but to ths abm* of fawilt, from ito tori Ikes 
Iks Mock Snr touam oas skins similar to those of Iks 4Crol M occur at both 

nsrgtiis of Iks soriss, 1 mm vsosoo to ssppas* ttol wt tom at Dalton* to m» 
present* tiros of nor* than tbs sartonifaron* torim. 

As Iks quarUit* on)/ occurs st an* margin, naxnshr, *mt tto tarn, and t« nstsr 
sssuoistod, in this tm, witk tks black tints* oust Iks gusto, them *sm»« I# k* 
os voom for tks sopposllton thut os tors tors s crushed sntkhaal ****** and 
tot tks fakak stoics srs nflstol 

I ohssrrs lk*l in Iks dmertfAmn si tto Kud serin* firs* * p«g» fit}, V*| 
lX f Kocord^ n btock ■koto to said to occur nsst tto qnsrtMii* si tto baton* 
of tks scries (*)♦ end s hkdt stole {*% wkih*m m «mmefia*/tftg H maimm, si tto 
top. In tliis rasped, *to» ttom «o»* to to s. complete «M|ss4sifli tofcwnes 
tto Dnlkcmsis mm) tto Kiel mtn* 

In sons minor point* tto Us* ****** ***** si Q»!fe<*sto <wm»f*tnd* with tto 
w/m«Krul sad Krol patoldns to Utotokte wafer/ shah* 

occur in tto ntmhi, tto iron in wtob o&/d»ae* on Hpetrn to vtiiitt* sh ades of 
ted, jrslkm, sod brown, which cofonrv, combined with tto natural kins nod whti# 
of the stoic*, ]*rrtopc repiwnt Mr Lj<Uk«r'i * pri/rfemdc Motes" <«f KmmkmhJ 
Some of those biscuit/ shako remind me of tto M ” «b*to to to n<u «t 

Solan » and tot ween tks Ctor mountain nod tto OiriL 

In Ito Chutri section purple- red sksJss owtr which rlosM/ rwwrmkls ikoss of 
tto Chor mountain. Tto/ proto bl/ tore ttoir oripe m volcanic dust d*» 
posited in wtrfr. 

In man/ localities tto lime* lone* present a handed appearance, owing to 
slat/ la/crs of varying thickness totng it»t#nwkl#d witk tto thin tod* of Um*>+ 
stone i and as the ktUnr usual)/ yields Ui weathering more readily ttovi tto «k; 
kyrra, a ribbed appuaraiHw m produce*! In tto mcr tod, trua»fUei, lb mm 
slat/ la/em are lenticular and fragmentary. ami pndo<r a SSHon* graphic j|Tpnar 
ancu. I think it is U» *mak fragments of this mad rt*M tn Sitirwlrme that 
tto pccndo-fossilifcruos appearmnes, w»m*ltm«s otowrred, is prodaood. 1 toe* 
observed endosuft* in some of the Ualtousis Umeeloass, which retatokd mm of 
Iks ICatortoUi fork. 

1 now pass on to consider Ito *g* of tto trap and i(» raktos* to Iks l ita s 
stone series, which 1 tors given ma sons for totoring to to of mwtoaifawa* age. 

At page 160, Vul. IX, Hscotd*, If r, Lj debtor dmcrito* tto asnygdatods «* 
OTsrl/ing tto Ktol series, which, we tors see, to ocmeklsm to to of attotrUo 
ngs; tot tto series is r s pm s ss lsd ss inserted In Vd XI, page 35, tto mnvg* 
d a toid i of tto Sind rails/ and Fir PsnjAl rang* am doscritod as totog *f ^ 
cwrkoatfsvou* age; and at pages 40 and 40, the/ am classed sa Iks "hfgtoft 
edema*.* In Mr. Ly debtor# Inst paklisksd paper* to girns sum/ frrtnsni* of 
tto ocaurmnes of tto traps at tto base of tto sstoMtosa nssto (**, foriiitost 
•t pngss fi2, S4, £5, 36, and W), batiks following mmdastoi is nrrimd at:- 
** imsming an srmptim origin for tks traps of Kashmir, it woald appear tto t 

• toMtoUT.sk • tosMsiUhea * ik a to lUil • to**, If v, t 
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during the silurian period very considerable outflows of sub-marine trap were 
emitted, which were naturally of limited extent ; that these outflows probably 
took place in several localities and at several distinct intervals of time. During 
the whole period of these eruptions continuous deposition of stratifled material 
was taking place, the strata resulting from which became intimately mixed up 
and ^amalgamated with the trap, so that it is now extremely difficult, or im- 
possible, to distinguish the different factors of the strata. In certain localities, 
as at Manisbal,*the outflows of trap must have continued to take place during 
a part, or the whole, of the carboniferous period, and have rendered the rocks 
of that period also difficult of recognition." 

The lava flow of Dalhousie must, from its position, either be of upper Silu- 
rian or of upper or post-carboniferous age, and it is important to decide to which 
it belongs. 

I think there are more grounds for believing that the traps of the Dalhousie 
area are of pre-carboniferous than of post-carboniferous age. There are diffi- 
culties in the way of believing that an overflow of lava in the Kashmir, Dal- 
housie, and Mandi areas lasted from middle or upper silurian times to the end 
of the carboniferous period. It would be remarkable if these ancient volcanoes 
continued to pour out, through so extended a period, one kind of lava only ; and 
all that I yet know about these amygdaloidal traps leads me to believe them to 
be very homogeneous in their character. Moreover, if the lava flow lasted from 
the silurian to the close of the carboniferous period, one would expect to find 
substantial bands of trap included in that very thick series of limestones ***** 
pass by insensible degrees from the carboniferous into the trias, and the more so if 
the traps were, aB suggested by Mr. Lydekker, of sub-marine origin, seeing that 
the limestones, in some instances at any rate, must have been laid down at no 
great distance from these ancient volcanoes. I am not aware, however, of any 
considerable lava flows having been interposed between the carboniferous and 
the triassio series in tbe lower Himalayan region. 

The altered condition of the Dalhousie traps to a certain extent favours the 
theoiy of their being of great age ; whilst tbe fact that the boalders of the trap 
buried in tbe Siwalik conglomerates exhibit the same phase of alteration as 
their parent rock negatives the idea of the alteration being tbo result of tangen- 
tial pressure in tertiary times. A more important fact is that they oconr below 
tbe quartzite band, which is the bottom rock of the Kiol group in Kashmir and 
of the Krol series in the Simla area. 

An apparent difficulty occurs in the correlation of the Kiol to the Krol, from 
the fact that, in the Simla area, the black w»/ra- Krol shales occur below the 
horizon of the Krol quartzite, whilst at Dalhousie and at Kiol the black slates 
ooeur above a quartzite. But I think this difficulty is apparent rather than seal. 
The quartzites may not have been perfectly synchronous in both areas, for one 
thing ; and for another, it is clear from the examination of the Dalhousie series 
and the recorded description of the Kiol rooks, that the period during which tbe 
carbonaceous element was deposited was a very extended one, for bV ir slates ere 
found, at the top and bottom of the series ; and therefore it seems«not improbable 
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that the formation of the carbonaceous material i* the Jlimla region, get in and 
died out e#t Ztaean the carboniferous age than in the Dalhou&ieand Kiol regions. 

If the lbov£ conclusions are sounds it follows that from the trap to the top of 
the limestone series we have a normal sequence of rooks, the carboniferous series 
resting conformably on the upper Silurian or pre- carboniferous trap— both being 
faulted against the gneiss. 

I can see nothing to oountenanoe the idea that the mefamorphistn of the 
gneiss, about to he described, is due to the development of heat caused by the 
compression of strath in which the carboniferous limestone series was involved. 
Had heat sufficient for the transformst ten of sedimentary strata into Mmfbrm 
bed of gneiss, 800 feet in fhfriPHWfr been developed, I th ink the dark Wueifeae- 
stone within a law yards of the gnriss weajd bate been much mom changed than 
we find it is. 

The junction of the limestone saris* with the gneiss mush it seems to me, be 
due either to faulting or to inversion. Something might be said in favour of 
the inversion hypothesis — it is the theory that naturally suggests Itself at fifth 
and when I began to explore the Dalhousie region X adopted it for a tame. On 
the new cart road, a couple of miles on the Dalhousie side of the Dnnidra 
road-bungalow, the dark slates may be seen dipping under the gmu% apparently 
conformably ; and you may stand on the edge of the gneiss, on the ridge about 3 
miles north of the Dnniira bungalow, and note the black slates far below, at the, 
opposite side of the khad or valley, cropping out about half a mile east of a line 
drawn north and south through the spot on which you are standing. 

A section like this naturally suggests the idea of inversion, but I found this 
theory would not harmonise with the rest of my facts. If the inversion 
hypothesis were adopted, it would make the trap to be of jpost-carboniferous age, 
and it would put the white quartsite at the top, instead of in its proper place, at 
the bottom, of the limestone series. 

In other ways I found it impossible to work the inversion hypothesis. For 
instance, one would have to account for the disappearance of all the rooks between 
the carboniferous series and the gneiss ; and one could hardly suppose that exten- 
sive and deep erosion sufficient to have caused this would have stopped precisely 
at the gneiss all along the line — invariably removing everything above the gneiss, 
yet never cutting into or through it. For these and other reasons, I had to drop 
the inversion theory and adopt the hypothesis of faulting, against which I know 
of no serious objection. 

If we suppose (and it seems a reasonable supposition) that the distarbanoes 
whioh caused the faults were prior to those which threw the strata into the 
synclinal and anticlinal flexures we now see, or that the compression of the rooks 
continued after the rupture of the faults, I can comprehend how a re v ers e fault 
with so great a throw was formed. This supposition may account for the ourves 
observable in the trend of the fault ; but if, as is suggested further on, a highly 
compressed antiolinal fold is situated in the gneiss of Dainkand, there will he 
less difficulty in understanding how the torsion observed fas the strike of the 
gneiss was produced. The .sharp minor ourves in the boundary-line mkrked on 
the map are due to the fact that where the north-easterly dip ofthe carboniferous, 
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series and the gneiss are moderate, the line o£ outcrop in the deep, narrow 
v alloys occurs farther to the east than on the crests of the high steep ridges that 
ran down from Dainkand. 

The Silurian and Cambrian (/) Series. 

The rock in contact with the carboniferous series, along its eastern boundary 
throughout the Dalhousie region, is gneiss. It is foliated and never granitoid. 
The gneiss is composed of quartz, orthoclase and biotite. I have noticed no 
muscovite or schorl in it, and at times its crystallization is imperfect. The 
gneiss forms a continuous band, and does not vary much in thickness, which is 
usually from 400 to 500 feet. From the ridge above Banatn (trans-Bivi), 
where it is seen stretching away in the direction of Mandoh (Maroh), its thickness 
remains steady, and it is well seen on the new cart-road south of Duni&ra, and 
on the ridge between Buliara and Kailu. It then thins considerably, and the 
outcrop on the bridle road north-east of Tula might easily be overlooked. On 
the eastern side of this ridge, however, it crops out in a prominent way on the 
old and now abandoned road running up to Naina Khad (Nina Kad). It is 
seen well at Hubar (Ubaur) and at Chu&ri, where it has regained its normal 
thickness. 

Next the gneiss, comes a rather thick band of decided mica schists. It is 
thickest on the south bank of the R&vi, extending from the gneiss to near the 
stream east of Seru (Sairu). This mica schist shades rather rapidly into a 
series of slates and very fine-grained earthy sandstones, terminating next the 
granitoid gneiss in slates, which I believe represent the “ Simla slates.” 

An instructive and convenient section is that from the Therah Mall at 
Dalhousie along the cart-road to Banikhet (Banketra), and thence along the road 
to Dhal6g. I collected a series of hand specimens along this road for macro- 
scopical and microscopical examination, and the series consist of the following, 
beginning with the rocks next the granitoid gneiss : — 

1. A fine-grained quartz Bchist, with very minute prisms of hornblende 

disseminated through it. 

2. A fine-grained quartz schist, containing minute prisms of hornblende 

and microscopic flakes of mica. 

3. A very fine-grained earthy sandstone, somewhat schistose in aspect ; 

a few grains of mica are to be seen in it here and there. 

4. A very fine-grained earthy sandstone — very earthy looking. 

5. A very fine-grained earthy sandstone — extremely earthy looking. A 

few minute prisms of hornblende are to be seen in it under the 

microscope. 

6. A similar rock, but less earthy looking. 

7. A fine-grained micaceous schist. Microscopic grains of a greenish- 

white mica, and few minute crystals of hornblende disseminated 

through it. 

8. A fine-grained slaty rock. 

9. A fine-grained earthy sandstone. 

10. A fine-grained slaty rock. 
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11. A slate with a slight micaceous glass. 

12. A edit (laky shale, with a slight mioaceous glass. 

18. An ordinary slate of pale-blue eolonr. 

14. An ordinary slate of darker colour. 

15. An ordinary slate of pale-bluish grey. 

16. Soft splintery shales of pale-bluish colour. 

17. A similar rock, but more indurated. 

18. A white wafety shale. 

19. A whitish-grey slaty rock, with flakes of white mica here and there* 

20. A grey silicions'schist. 

21. A mica schist- lenticular granules of quartz being coated with silky 

white micaceous material. 

22. The decided mica schists of Banikhet. There are some hundreds of 

feet of this rock and then follows — 

23. Four hundred or five hundred feet of gneiss. 

In other sections (as, for instanoe, at Chuiri) day slates take the place of the 
fine-grained earthy sandstones. Within a few miles of Palhousie itself, on the 
road to Bakloh, good slates are quarried quite close to the granitoid gneiss. 

Everywhere the beds immediately in contact with the “ granitoid gneiss,” 
for a distance that varies in different sections, exhibit more or less hypometa- 
morpliism. 

Along a section taken in a westerly direction from Dalhousie tbe average dip 
of the silurion beds is NE; but it varies locally from NTS 11° N to NE 11° E. 
Asa whole, the Series dips into the granitoid gneiss all along the line, and, judging 
superficially from appearances, one would say that it dipped under the gneiss* 

Mr. Medlicott, in vol. Ill, p. 65, Memoirs, describes the rocks next the 
granitoid gneiss at Dalhousie as follows : — “ For about 50 feet from the granite, 
the schists exhibit a very marked increase in induration, acquiring a close- 
grained crystalloid texture. Near tbe contact, irregular small veins of the 
granitoid rock are included in this hard contact rock ; yet the junction with the 
main mass is perfectly sharp, indicating no approach to an amalgamation of their 
ingredients.” And in the page first quoted, he wrote : “ In the descending section 
to the west of Dalhousie, the schistose characters become again more and more 
developed; at Banketra we find decided mica schists.” 

I think we have here the clue to the interpretation of this section. Broadly 
speaking, we have slates next the granitoid gneiss, and then silicious and qlaty 
rocks passing into decided mica schiBts, resting on a broad hand of gneiss, from 
400 to 500 feet thick. In other words, we have a descending series, beginning 
with the representatives of the *' Simla slates ” and passing into the lower 
Silurians 1 ; — this descending series resting on gneiss on the one side, and faulted 
against gneiss on tjie other. 

Mention is made in the Manual of the Geology qf India, 9 on the authority 

1 In my paper on the Chaxnba and Dalhousie section (Records XIV, p. 809), I hare stated the 
grounds which exist for holding the Simla slates to be middle, and the beds below them lower 
silariaus. 

Page 688. 


r 
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of Dr. Stolicska’s observations in Ladak, of a u newer gneiss” of syenitic mineral 
character. I do 'not think that the second band of gneiss described in these 
pages represents the newer gneiss. In the first place it is not syenitic, and in the 
second place I think. there are difficulties in the way of believing that we have 
one series of rocks from the granitoid gneiss of Dainknnd to the band of foliated 
gneiss to the west of it. Were this supposition to be adopted, the granitoid 
gneiss would of course come in near the bottom of the series, whilst the “newer 
gneiss ” would form the top, the whole being inverted. 

This view would require a concealed anticlinal flexure in the granitoid gneiss 
'of Dainknnd — a fold so compressed as to produce conformity of dip on both 
sides of the anticline. I have kept the possibility of this being the case before 
me, but have not, as yet, discovered any evidence to support the hypothesis. I 
met with no trace of a newer gneiss between the gneiss of Dainknnd and that of 
P&ngi, though in this long synclinal flexure rocks from the “ carbo-triassic " to 
the '[central gneiss ’ are exposed. 

Again, on the supposition that the granitoid gneiss of Dainknnd is “ older 99 
than the band of gneiss to the west of it, we should have to explain the total 
absence of the lower silurian beds between the “ Simla slates ” and the older 
gneiss ; and the very remarkable phenomena would be presented to us of highly 
metamorphosed rocks at the top and bottom of the series with very slightly meta- 
morphosed rocks in the middle. 

The study of Himalayan rocks has led me to the conviction that the only way 
out of the labyrinth is to keep in view the principle that, as a general rule, the 
extent of metamorphism affords an indication of the relative age of ancient 
rocks. Undoubtedly there are numerous exceptions to this general rule. “ Selec- 
tive metamorphism ” is a powerful factor, and its operations must ever be kept in 
mind. The right interpretation of the facts observed in Himalayan geology is 
surrounded by many difficulties, inasmuch as every possible kind of metamor- 
phism is rampant in this region ; but still, I think, the principle advocated above 
is the one that will, if followed, lead to the fewest mistakes. 

Having arrived at this conviction by independent study, I was interested to 
find it fortified by Dr. Callaway's remarks in his recent paper in the Geological 
Magazine on “ How to work in the Archroan rocks. ” He writes 1 :— 

" ^ studying the lithology of a formation, its degree of metamorphizm is an important 
factor in the evidence. Sufficient material has not been collected to form the basis of a 
theory ; but, so fax at least as England and Wales are concerned, the researches of the last few 
years lend some support to the opinion that regional metamorphism is found only in Arehroan 
rocks, and that the degree of alteration is proportional to the antiquity of the group.'* 

**•••••# 

“ ® iere 0180 a PP ear to be no « priori reason why regional metamorphism should 
not also occur in rooks of any age ; and in the above remarks it is only contended that there 
are some grounds for constructing an empirical rule applicable only, so far as present observ- 
ations go, to a certain area." 

1 Geological Magazine, Vol. VIII. (1881), pp. 488, 426. 
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Professor Bonney # s observations in VoL VII of the Geological Magazine, page 
542, are also pertinent. He writes : — 

“ With oar present knowledge, extreme caution is doubtless required in drawing an infer- 
ence as to the age of a rock from it* stage of metamorpbum. At the same time all the evidenoe 
which we possess points to the conclusion that extensife regional metamorphism has only 
taken place in rocks of great geological age, and that the current statements about highly 
altered secondary and even tertiary rocks in the Alps are in many cases entirely erroneous 
and in all need confirmation. Thus, in the case of the Alpine schists, which as a rule axe 
more highly altered than any rock in Britain known to be of Cambrian or post-Cambrian 
age, I should agree with some of the more modern continental geologists in regarding then* 
as very old and possibly pre-Cambrian." 

Holding the views expressed above, I think it improbable that we have ‘pre- 
sented to us here a normal sequence of beds beginning with a rook of perfect grani- 
tic structure, followed by clay slates and other little altered rocks and ending with 
decided mica schists and gneiss as its top beds. I think the more probable and 
reasonable explanation is that a descending Beries of rocks from the slates to the 
gneiss has been faulted against the granitoid gneiss. 

The supposition that the two beds of gneiss form the sides of an anticlinal 
flexure, seems inadmissible on similar grounds ; for in this case the slates and 
other slightly altered beds would have to be put below the perfectly metamorph- 
osed granitoid gneiss. 

The hypothesis that the two beds of gneiss form a synclinal flexure, seems 
to me to be objectionable ; for in this case the rocks next the gneiss on both wings 
of the flexure ought to be similar, whereas they are unlike each other. I am 
ready to admit the possibility of an anticlinal fold having taken place, in which 
case the western outcrop of gneiss would form the western wing of the corre- 
sponding sy noline ; but if this hypothesis were to be adopted, we should have to 
suppose that the inverted wing of the syncline had been squeezed out of the 
section. It does not seem necessary to call in the aid of a very complicated fault 
of this nature ; a simple step-fault will, I think, in some respects best explain 
the section. 

The fault hypothesis is the only one that, in my opinion, satisfactorily ex- 
plains the facts. We have, I think, a repetition of what we have found reason 
to believe took place in the case of the carboniferous series, namely, a normal 
sequence of rocks faulted against the gneiss. 

And if we aooept the existence of these great faults immediately over a region 
of ancient volcanic activity, evidenced even in our own day by an occasional earth- 
quake and by the presence of numerous hot springs in the trap and gneiss areas, 
may we not explain the hypometamorphism of the silurian and oarboniferous 
slates along these lines of fault, by the action of superheated steam and water and 
acid vapours finding access to them along these fissures for some time after the 
faulting taken place P No microsoopist who has studied the metamorphism of 
igneous rooks oan doubt the power of heated water or steam to effect gradual 
ohanges in the rooks subjected to their action ; and the faot that the hypometa- 
morphism of the silurian and carboniferous rooks, as a rule, runs with lines 
which, on other grounds, I have seen reason to believe to be lines of fault, strongly 
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favours the supposition that the hypometamorphism described is due to these 
agencies. It would be a curious coincidence, indeed, if tangential pressure pro- 
duced metamorphism along these lines and left the intermediate rocks untouched. 

The " Central Gneiss .” 

Between t)alhousie and Chamba the granitoid gneiss attains a thickness of 
6 j> miles. It retains this breadth in its south-easterly extension ; but, in the 
opposite direction, it rapidly narrows as the river Ravi is approached. In the 
Memoirs of the Geological Survey, 1 it was noted 'that down the spur, running 
•between Panjao and Chata towards the river, “the band contracts, and to all 
appearance, as seen from this place, it becomes extinct before reaching the 
Ravi, on the right bank of which there seems to be a continuous section of thin- 
bedded crumbling strata;*’ and the conclusion was drawn that the “central 
gneiss ’* had there “ ended completely and abruptly. 9 ** 

The trans-Ravi section has now been explored for the first time, and I find 
that though the gneiss dwindles to a very thin band, it does not die out. Above 
the road, running from Jund (Juind) to Bhale (Balai), the outcrop actually 
visible is not more than 100 feet in thickness. Where the outcrop crosses the 
river above Bhale, I measured 250 feet of it. In its north-westerly course 
the gneiss forms the crest of the high ridge above Sere (Serai). The last I saw 
of it was at Kandan Devi, where it leaves the crest of the ridge and strikes in 
the direction of Sapra (Sipra). Along this ridge it attains a width of about 500 
feet. The outcrop looks thicker on the map because the N E dip of the gneiss 
coincides with the slope of the N E side of the ridge. * 

Speaking generally, the gneiss is an ordinary foliated gneiss along both mar- 
gins of its outcrop, and hore the bedding, which conforms to the normal dip and 
strike of the rock series associated with it, iB quite distinet. The gneiss gradually 
passes into a granitoid rook, in which evidence of foliation may usnally be traced ; 
and, although joints are numerous, true bedding is often obliterated. The grani- 
toid gneiss is highly porphyritic, and is undistinguishable from, and doubtless is 
identical with, the “central gneiss.” Towards the centre of the mass the por- 
phyritic appearance dies out, and along the ridge of Dainkund the rock passes 
into a fine-grained and perfect granite. There are transitional forms between this 
and the porphyritic granitoid gneiss ; that is to say, we have here and there a 
more or less porphyritic rock which is perfectly granitic. On the road to Chil 
the matrix becomes so fine-grained in places that the rock assumes almost the out- 
ward aspect of a felspar porphyry. 

Where the mass begins to narrow in its north-westerly direotion, the rock at 
the same time gradually loses its granitoid character and passes into an ordinary 
foliated gneiss, in which porphyritic crystals are, generally speaking, sparse or 
wanting. 

At times the porphyritio granite obliterates the foliated, stratified gneiss, even 
at the margins of its outcrop, and intrudes into the adjoining schists. Instances 
oi intrusive veins at Palhousie were described by Mr. Medlicott in the passage 

1 KsmoSn, IU, 64. ■* Mutual, page §88. 
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already quoted from page 65 of his Memoir. I may mention another instance at 
Dalhousie, on the cart road near the Bulls Head hotel, where the granite is seen 
to cut through the beds in contact with it for 2 or 3 feet. How deep it goeB, can- 
not be seen owing to the dense vegetation below the road. 

Trans-R&vi, on the ridge north ef Banatu, intrusive veins are also to be seen 
in the schists close to the gneiss, and here these veins are distinctly porphyritic, 
indicating that the intruded rock was squeezed into the schistose beds in a viscid 
and imperfectly fused condition. $ut it was in the Chu&ri section that I ob- 
served the most numerous instances of the intrusion of the schists by the porphy- 
ritic granite. Here the latter has been profusely squeezed between the beds of 
schists for a considerable distance from their junction with the crystalline rock* 
and in some instances the porphyritic granite has cut through them. 

The mineralogies! characters of the gneiss will be described more in detail in a 
subsequent paper on the microscopic petrology of Dalhousie ; but I note in passing 
that, viewed microscopically, the rook is eeen to contain orthoclose, quartz, 
biotite, and muscovite. In the granitic varieties, schorl, in minute or moderate, 
sized crystals, is pretty abundant. I have also noticed some small garnets, in 
which respect the rock also corresponds with the “ central gneiss ” of the Sutlej 
valley. 

The rock varies very much in texture within short distances. Some of it 
breaks without much difficulty, and then the workman passes suddenly to an indur- 
ated mass that defies the power of the hammer. The weathering of the rock, 
also, is often peculiar. Judging from superficial appearances on road sides, one 
might readily imagine that intrusive dykes wore frequent and that they had 
caught up boulders and blocks of gneiss in their passage. Dykes I believe there 
are, but the appearances I allude to are, I think, due to weathering and arise 
from variations in the texture of the rock. 

Having described the general stratigraphical and lithological characters of 
the u central gneiss,” I pass on to consider the causes of the great changes observe 
able in its texture and structure. I allude principally to its passage from an 
ordinary foliated gneiss through a somewhat coarse-grained porphyritic rook 
(in which the porphyritic crystals of felspar attain a length of 3£ inches) into 
a fine-grained non-porphyritio granite. 

It has been somewhat fashionable in the geological world of late years to 
attribute the metamorphism of mountain regions to the heat developed by the 
compression of strata wliich accompanies mountain formation. That metamor- 
phism, to a certain extent at any rate, is produced in this way I do not doubt, 
and to this cause may possibly be due (though I have suggested another explana- 
tion in the preceding pages) the hypometamorphism of some of the Silurian and 
carboniferous beds; but I do not See sufficient grounds for believing that 
the perfeot metamorphism of the rooks now under consideration Can be attribu- 
ted to this cause. 

If you bend a stick across your knee with sufficient force, it will break along 
the axis of greatest strain, which will be over the region of the knee. How, a 
glance at the map will show that, where the R&vi and Siul riven cat across 
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them, the gneiss bands, with the included Bilurians, have been bent, as yon would 
bend a stick across your knee. The strain at this point must surely have been at 
its maximum, and yet the westerly hand of gneiss preserves its normal thickness 
with a steady indifference to the Mallet theory, whilst the easterly band of gneiss 
narrows from 6J miles to 250 feet ! 

But if it be objected that the differences observable in the degree of metamop- 
phism is due rather to innate conditions-— variations in the amount of water 
contained in the beds and the like — rather than to fluctuations in the intensity 
of the squeeze, I reply that there are difficulties in the way of explaining the 
metamorphism of the particular rocks before us— the granite, gneiss, mica BchiBts 
■ and trap of the Dalhousie area— by this theory. The tangential pressure which 
caused the geosynclinal to assume the folds and contortions now to be seen 
in the Himalayas is generally believed to have been caused by disturbances in 
later tertiary times, but we have seen that the trap and granitoid gneiss existed 
as such when the Siwaliks were laid down, and Mr. Lydekker found granitoid 
gneiss boulders, which he believed to be identical with the central gneiss, in 
slates of the P&ngi valley of presumably upper silurian age. 

But a still more serious objection to the application of the Mallet theory to the 
facts before us occurs to me. It is usually noted in text books that crystalliza- 
tion is of coarser grain in the centre of igneous masses than at their Bides, and 
the reason assigned is that these masses cooled more rapidly at the sides than in 
the centre. The following extracts are taken from recent papers by experienced 
observers. Professor Geikie in his memoir on the Carboniferous Volcanic 
Rocks of the Firth of Forth writes as follows of intrusive sheets and dykes 1 — 
“ A diminution in the size of the crystalline constituents may be traced not only 
“ at the base, but also at the top of a Bheet, or at any intermediate portion which 
“ has come in contact with a large mass of the surrounding rock.” 

Again Professor Heddle in his 5th Chapter on the Mineralogy of Scotland, 1 as 
the result of his extensive experience, states that in the case of the plugging of 
pre-existent rents with the same ingredients as the rock mass itself, the structure 
is smaller than that of the rock mass in the case of contemporaneous plugs ; whilst 
in veins of exfiltrotion the structure is larger than that of the containing rock. 
These generalizations were, of course, made with special reference to the rocks of 
Scotland, but they are important and suggestive. 

I presume that those who would attempt to explain the metamorphism of the 
“central gneiss” by the application of the tangential pressure theory would argue 
that those parts of the gneiss at Dalhousie which exhibit the most perfect grani- 
tic structure are those in which the greatest heat was developed. These places 
coincide, in the main, with the centre of the mass ; and as the parts where the 
greatest heat was developed must have cooled the slowest* the crystals of which 
the resulting rock is composed ought, according to our present information on 
these subjects, to have been larger in the centre of the mass than towards the 
sides, whereas the reverse is the case. 

A precisely similar objection to that taken above seems to me to stand in the 
way of the hypothesis that the extreme metamorphism of the central parts of the 

* Transaction* of the Royal Society of Edinburgh, Vol. XXIX, 476, and p. 1. 
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mass and the comparatively imperfect metamorphism of the margins, is due to 
the plutonio heat‘4rom below having been greater at some points than at others. 
The structure of those parts which received the greatest heat and cooled more 
Blowly ought, in masses whose granitic structure shows that there was perfect 
freedom of molecular and crystallographic action, to have been of coarser grain 
than those portions which received less heat and consequently cooled more rapidly; 
but this is not the case. 

The explanation that satisfies my mind the most is that the intense metamor- 
phism of the “central gneiss tf has been principally produced by granitic 
intrusion at a great depth below the surface ; and that the perfectly grattitio 
portion is the intrusive granite itself. 

In Auvergne 1 we know that, in the case of the numerous volcanoes in the 
neighbourhood of Clermont Ferrand, the lava pierced through a stratum of gra- 
nitic gneiss before it overflowed at the surface. I can see no reason why what 
took placo near the surface in Auvergne may not have taken place, in other 
localities, at a greater depth below the surface. It is freely admitted by many 
leading geologists that an acid igneous rock consolidated at a great depth below 
the surface would form granite, for a perfect transition may be traced from 
granite, on the one hand, to acid lavas, on the other. “No one," writes Pro- 
fessor Judd at page 145 of his recent work on volcanoes, “who has carefully 
“ studied the appearances presented by volcanic mountains in different stages 
“ of dissection, by the action of denuding forces, can avoid recognising these 
“ great granitic masses, as the cooled reservoirs from which volcanoes have in all 
“ probability been supplied during earlier periods of the earth's history.” And 
again, at page 256 he writes : — “A careful consideration of all the facts of the case 
“ leads to the conclusion that when pumice, obsidian, and rhyolite are now being 
“ ejected at the surface, the materials which form these substances are, at various 
“ depths in tbe earth’s interior, slowly consolidating in the form of quartz-felsite, 
“ granite porphyry and granite.” 

Now, if we suppose that the Dalhousie gneiss was buried at great depth and 
was in consequence exposed to considerable heat when an acid igneous rock 
passed through it in its passage upwards, it seems to me that when they cooled 
down they might become so welded together as to render it impossible to say 
when the one began and the other ended. In the case supposed we should have, 
acting on the gneiss, not only the heat caused by contaot with the intrusive 
igneous rock, and the plutonio heat of ihe earth itself, but the gneiss would 
probably be permeated by steam at high pressure or intensely heated water hold- 
ing some of the mineral constituents of the igneous rook in solution. 1 can, 
therefore, readily imagine that under the conditions described a blending together 
of the granite and the gneiss would result, and that the latter would, for some 
distance from its contaot with the granite, partake of its mineral character. 

For this reason I do not think that the fact that I have not observed mus- 
covite, schorl or garnets in the westerly band of gneiss proves that the latter 
does not really represent the more perfectly crystallized gneiss farther east. 

1 Sec p. 861, “ Seropo on Volcanoes ” and his M Volcanoes, Central France,” at large. 
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The westerly band is a comparatively imperfectly metamorphosed rock avid had 
its metamorphism proceeded further, and had it been brought into closer contact 
with the rising granite, it would probably have developed all the minerals found 
in the granitoid gneiss Even in some portions of the latter the muscovite, 
schorl and garnets are sparse or wanting. 

One of the principal characteristics of the “ central gneiss ” of the Satlej and 
lower Spiti valleys, and elsewhere in the Himalayas, is that it is everywhere more 
or less riddled by intrusive dykes and veins of white oligoclase granite. Some- 
times these veins and dykes are most profuse. I remember one spot in particular 
on the Para river, between Lari and Chango, near the border of Chinese Tibet, 
regarding which I made the following entry in my journal “ Before starting 
* I examined the rocks at Jangzam. Those up the river I found to be gneiss, 
“ nearly obliterated by granite the partial obliteration having been caused by 
the number and close proximity to each other of the intrusive veins. The only 
difference in the two cases seems to me to be this, that in the area now described 
the granitic intrusion was probably more intense, the gneiss was more heated 
and rendered more plastic, and the two rocks were better blended together. The 
white oligoclase granite of the Satlej and Spiti areas possibly marks a somewhat 
later stage of the eruptions which effected the conversion of the gneiss into 
a granitoid rock. 

Even in the Dalhousie area there is sometimes a sharp line of division ob- 
servable between the fine-grained and the porphyritic granite. A good example 
of this is to be seen at the top of the ChuAri pass. 

I am not only disposed to hold that the fine-grained, non-porphyritic portions 
of the “ central gneiss ” Been at Dal liousie is as truly an “ igneous ” rock as any 
igneous rock can be ; hut I have been gradually forced into the conviction that 
portions, at any rate, of the porphyritic variety are to some extent intrusive. 

In the case of a gneiss exposed to sufficient moist heat to allow of a certain 
freedom of molecular action, 1 can imagine the felspar “eyes” growing by 
the accretion of felspar molecules into more or less perfect crystals with well- 
developed faces and angles ; hut I think it would be difficult to account 
for the principal axes of these crystals pointing indifferently in all directions, 
as they do in the granitoid gneiss, without supposing that the plastic mass bad 
been set in motion. The supposition that this peculiarity has been produced by 
motion is supported by other facts. In the Chufcri section I noticed that, not 
only in the veins intruded into the schists, but also in the granitoid rock, the 
solid angles of what had apparently once been well-formed crystals of felspar 
were rounded off as if by abrasion ; whilst there were numerous instances of 
other orthoclaBe crystals having been rolled up into masses, sections of which 
were about the size and shape of a crown piece. These seemed to mp to bs 
indications that after the orthoclase crystals had been formed, they had subse* 
quently been subjeoted to great heat and pressure, and had been rolled along in 
a viscid stream containing numbers of singular crystals. 

That porphyritic crystals have often been transported from one place to 
another after their formation has long been known to mieroscapiita. The 
evident fragmentary condition of some porphyritic crystals in lavas held to be 
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evidence of this ; whilst the liquid and other cavities they sometimes contain 
are also evidence fxn favour of the porphyritio crystals having been formed before 
they reached the surface. 

I may mention, in connection with this subject, that, when I visited the crater 
of Vesuvius in 1878, 1 obtained some red-hot lava by pushing a stick into the 
flowing stream. This I cooled suddenly by pouring claret over it, water not 
being at hand ; and I found, on having slices made for microscopio examination, 
that the lava contained numerous good-sized crystals of augite and leucite 
imbedded in the glassy base. Doubtless, the large crystals had been transported 
from hidden depths below the crater. 

Another piece of evidence which goes to prove that much of the porphyritio 
granite of tho Dalhousie area is (to a certain extent, at any rate) intrusive, is 
that fragments of schists are included in it. For some time I regarded these 
objects as concretionary in origin ; but the conclusion was ultimately forced on 
me that they are true fragments of the adjoining schists, caught up by the 
granite in its passage through them. They are more numerous close to the 
schists than away from them ; they closely resemble the schists in colour and 
material, and in the Chu&ri section, where the porphyritio granite has been 
squeezed into and between the schistose beds, fragments of schists may be seen 
caught in the act, so to speak, of being broken off. 

Some of the included pieces — even those seen a long way from the junction 
of the granite and the schists — seemed to me of undoubted fragmentary origin. 
One, for instance, which I noticed in the ChuAri section, was a long splinter 
2 feet 4 inches* long and 5$ inches wide at the thickest end. In its splintery 
ends it seemed to give clear evidence of having been torn from its parent rock. 
It stood out sharply from the granite, and it was fractured transversely in 
several places, the cracks not penetrating into the granite. 

Whilst, however, I think there are many good reasons for believing that the 
extreme metamorphism of much of the “central gneiss” is due to granitic 
intrusion, and that intruded masses have been dovetailed into the gneiss, I do 
not think the sudden expansion of the gneiss from a width of 100 feet to nearly 
7 miles is wholly due to the protrusion of viscid masses of an acid igneous rock 
into beds of pre-existing gneiss. Considering that the granitoid gneiss retains 
its great thickness in its south-easterly extension for so great a distance,, its 
sudden attenuation north of the RAvi is remarkable. The Silurian beds between 
the two outcrops of gneiss maintain much the same average thickness through- 
out; and, as I have seen reason to believe, on other grounds, that a fault occurs 
along the margin of the gneiss at its junction with the slates, it seems to me 
probable that the sudden attenuation of the gneiss towards the north-west may 
be due primarily to faulting. 

Glaciation. 

The spur on which the MAmul travellers* bungalow stands, near the military 
station of Bakloh, at an elevation of about 4,740 feet above the sea, puzzled 'me 
for some time. The crest of this ridge is principally composed of granitoid 
gneiss absolutely identical with that of Dainkund. The trap bounds it on the 
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south, but it is completely surrounded on other sides by the limestones and slates 
of the carboniferous series. Further investigation showed that the crest of, the 
opposite spur is also covered with large boulders of granitoid gneiss, resting on 
carboniferous rocks. After several careful examinations of the locality, I found 
that the facts could not be explained by intrusion or faulting, and I came to the 
conclusion that we can have here nothing else than the remains of an old 
moraine. 

The supposition of a landslip Beems inadmissible, for the deposit is on the 
veiy crest of a spur, and high ridges and peaks intervene between it and the 
granitoid gneiss of Dainkund. 

The fragments of granitoid gneiss of which the crest of the Mjmul ridge is 
principally composed, are of considerable size, being as much as 12 feet high by 
12 feet long. They are evidently fragmentary, and some have apparently been 
more or less rounded before they fell into place. Sometimes the blocks are 
closely packed together, and look like rocks in situ. In other places the frag- 
ments are' evidently embedded in earth. A small landslip near tlue tollbar 
exposed a good example of this. The granitoid gneiss, moreover, is not alone ; 
fragments of Bchists and quartzites, of various sizes, up to 3 feet in diameter, 
are scattered in profusion over the surface, and are fixed into the hillside. They 
are all fragments of rocks found between Mamul and Dainkund. A roadside 
cutting at one place gives an instructive section. It is about 10 feet high, and is 
cut down straight as a wall. The crest of the spur there is seen to be composed 
of boulders of granitoid gneiss and of schists and shales of various sizes buried 
in a matrix of unstratified earth. 

The Mamul moraine is not the only decided instance of ice action I have 
seen within the Dalhousie area. In the valley formed by the Bmall stream that 
runs down from Kud to Hubdr, below Bariara, countless huge blocks of granitoid 
gneiss are thickly scattered on the surface of the ground. One of them, which 
I measured, I found to be 29 feet long, and thick and high in proportion. 
Higher up the valley, but still a long way from the granitoid gneiss, I noticed 
another, 42' x 25' X 30 7 or 40'. The puny stream that takes its rise at the head 
of this small valley could not have transported such blocks had it formerly been 
fifty times as large as it now is. At Kud itself, tbe jutting ends of the strata, 
which crop out nearly at right-angles to the course of the stream, have been 
evidently sculptured by ice action, and stand out like the rounded bastion of a 
fort. The rounded portions are high above the stream, and are quite inaccessible, 
so that I could not see whether they are scored and striated. 

Conclusion . 

Professor Judd, in his recent work on volcanoes, suggests the existence of a 
general correspondence between the course of events which ushered in the birth 
of the Alps and the Himalayas ; and I think the study of the geology of Dal* 
housie furnishes some additional evidenoe of this correspondence. 

Professor Judd’s sketch of the history of the Alps may be briefly epitomised 
as follows 41 The first stage was the opening of a number of fissures running 
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along a line near to that at which, at a long subsequent period, the elevation of 
the mountain nUastos took place.” 1 • * * “ From the great fissures 

opened in Permian times along this line of weakness, great quantities of lava, 
scorias and tuff were poured out, and these accumulated to form great volcanic 
mountains, which we can now only study at a few isolated spots. 

“ The 2nd stage consisted in a general sinking of the surface along this line 
of weakness in the earth's crust, the existence of which had been betrayed by 
the formation of fissures and the eruption of volcanic rocks." * * * 

The volcanic energy which had been manifested with such violence dnring the 
Permian period, does not appear to have died out altogether during the suoeeed- 
ingjTriasBic period. 

“ The subsidence was continued almost withont interruption to tbe Nummulitic 
period. 

“ The third stage commenced in Oligocone times. It consisted in a series 
of movements affecting the parts of the earth's crust on either side of the line of 
weakness which had first exhibited itself in Permian times. By these movements 
a series of tangential strains were produced, which resulted in the violent crush- 
ing, folding, and crumpling of the sedimentary materials composing the geosyn- 
olinal.” 

If the views I have propounded in this paper are correct, it follows that a 
series of grand volcanic movements took place along a line coinciding with the 
direction of the axis of the Himalayas. These movements commenced probably 
in early Silurian times, and continued until the close of that period, after which 
they became comparatively insignificant. There followed a long period of sub- 
sidence during which a great series of limestones were laid down, which ex- 
tended from the carboniferous to the triassic period. In the Spiti region the 
subsidence appears to have lasted until the cretaceous period, whilst part of the 
Simla area was under the nummulitic sea in eocene times. Then followed the 
final series of movements which threw the strata, old and new, into a series of 
folds, the axes of which have a general N. W. and S. E. trend. 

I have not attempted to enter into any details in the above brief sketch, as my 
only object in making it, is to draw attention to the fact that, as in the Alps, so 
in this region of the Himalayas, a long period of subsidence was preceded by 
great volcanic activity. 


Note on remain, of palm leaves from the (tertiary) Murree and Kasanli beds in. 
India, ly Ottokab Feistmantel, m.d., Palaontologut, Geological Survey of India 

(with plate) * 

is as vet very little on record upon tertiary plants from India. The 
onlv attempt at an identification of such fossils is contained in Mr. H. B. 

Medlicott’s Memoir on Suh-Himalayan rocks of North-Western India,* wherein, 


> Page 292. 
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on pp. 97 — 99, Dr. Kane communicated the results of his examination of a small 
collection of tertiary leaves collected by Mr. Medlicott in the Kasanli beds. 

There is also in our collections a small series of tertiary leaves from Burmah, 
which, so far as I know, have not yet been identified. All these leaves will have 
to be thoroughly examined and compared with extra-Indian tertiary plants 
before they can be figured and described. 

On the present occasion it is my object to notice especially one form, about 
the identification of which there appears very little doubt, and which is of 
peculiar interest on account of its wide distribution in extra-Indian tertiary 
rocks. My attention was directed to it by a specimen brought last season by 
Mr. Lydekker from the Murree beds in Northern Punjab, 1 * * * * * consisting of red 
sandy shale and containing leaf impressions, which are easily recognised as 
being of palm leaves. My first note (given to Mr. Lydekker) about them was 
that they are “ very close to, probably identical with, Sdbal major .” 

There are impressions on both sides of the specimen, both belonging 
apparently to the same kind of leaf. On one side the impression represents the 
lower portion of the leaf (see fig. 1), and exhibits distinctly the fan-shaped form, 
aSfCan be seen from the radiating arrangement of the ridges and furrows of the 
plaited leaf, the parallel simple veins on the plaits also being distinctly seen. The 
impression on the other side (fig. 2) represents more an upper portion of the 
leaf, showing, however, also the same characters as the other one. 

If we now turn to the identification of the fossils, we find that they agree best 
with the fossil palm, now generally known as Sdbal major , Heer, of which good 
figures are given in Prof. Heer*B Flora tert. Helveti®* and in Prof. Ettings- 
hausen’s fossil Flora of Bilin in Bohemia. 8 It is figured as Flabellaria major 
in Unger’s Chloris protogsea* ^nd in Ettingshausen’s fossil Flora of Hroring.® 

Count Sternberg’s Flabellafja rapi folia* is by Schimper placed with this 
species also, while Ettingshausen's Sdbal rapifolia differs from Sternberg’s form, 
and is classed with S. hceringiana. 

No idea can be formed from our specimens about the character of the rhaohis 
though all the other characters agree with those of Sdbal major , Heer. 

We have, however, Borne other fragments of palm leaves amongst the fossils 
from the Kasauli beds. Amongst them is especially one good specimen (fig. 3) 
which though of a very small size, yet exhibits a portion of the stalk and also 
the rhachis. The stalk widens somewhat at the upper end, whence the rhaohis 
originates as a long pointed process, on both sides of which the leaf plaits are 
inserted, which are distinctly keeled. It belongs most probably to a very young 
plant, considering its small size ; but if we compare it with the various figures 
of fossil palm leaves, it again agrees best with Sdbal major , Heer, especially with 

1 The locality is Chakoti, Jhelutn valley, above Mutroe. 

* Flora tert. Helvetia, Vol. 1, 1865. p. 88, Tab*. XXXV, XXXVI, fig. 1*. 

> Denkschriften d. Kail. Akad. d. WUe. Id Wien, Vol. XXVI, 1867, p. 108 PL VIII IX 

* 1847, p. 42, PI. XIV, fig. 2. 

‘ Abhdl. d. k. k. Geol. Reichsanstalt, Vol. II, p. 88, Tab. Ill, flge. 8-7. 

* FI. d. Vorw. 1, 2. p. 82, PI. XXI. 
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some of those specimens figured by EttingShauaen in has fossil Flora of Bering, 
Tyrol (X. <?.), bes&*feith the restored figure of SafoZ ewyor, given by Beer in 
his tertiary flora of Switzerland ( l . c,), pL XU, fig. 7. This view is further 
confirmed by the circumstance that, together with this specimen, there were found 
fragments of the plaits of a larger leaf (figs. 4, &), very nearly approaching 
in sise the fint described specimen brought by Mr. Lydefcfter from the Murroe 
beds and classed by me with Sabal major. The presumption is only natural 
that these latter fragments belong to leaves of the same plant as the specimen 
just described from the Kasauli beds. Dr. Sane (Z. c.) referred these ap»*hwpng 
to FlabeUaria raptfolia, Sternberg, which* as we have am, is a synonym £# 
Sabal major , Heer. 

This identification of tile palm leaves ftom the two localities is also fairly in 
accordance with the geological horison of the strata at the said localities 
(Murree beds north of Murree and Kasauli beds near Kasauli) j and even 
if there were a slight difference in age of the respective beds, in Which this 
species occurs here, in India, yet its occurrence in both would find sufficient 
explanation in an analogous distribution of Sabal major in extra-Indian tertiary 
beds. It is known from many localities in the European tertiaries, i.e., of Austria, 
Germany, Italy, France, and England ; and as to the horison, it begins in the 
tongrian stage (lowest miocene) and lasts till middle mioeene. 

In the botanical Bystem, Sabal is classed with the Coryphince , subtribe 
Sabalineoe, to which belong amongst others the genera Corypha (0. nmbraculu 
fera — the Talipot of Ceylon, and two other species of Bengal) and Ohamcerops 
(one Bpecies of which lives in the Punjab). 

Sabal itself is a North- American genus in the living flora. 

Explanation or plats. 

Figs. 1 and 2. Portions of a palm leaf, referable to Sabal major f Heer, from 
the Murree beds at Chakoti, Jhelam valley, above 
Murree. 

Fig. 3. A portion of a small palm leaf, exhibiting part of the stalk and 

the rhachis, agreeing in all its characters with Sabal 
major , Heer. From the Kasauli beds at Kasauli. 

Figs. 4 and 5. Fragments of plaits of a palm leaf occurring with the preced- 
ing (fig. 3) at the same locality and belonging apparently 
to the same species. 


On Iridosmine from the Noa-Dihing River, Upper Assam, and on Platinum from 
Chutia N&gpur, by F. R. Mallbt, F.G.S., Geological Survey of India . 

In 1855 Captain E. T. Dalton and Lieutenant-Colonel S. F. Hannay, who had 
previously been engaged in researches on the mode of 
Ai#wn ’ occurrence of gold in Upper Assam, were deputed by Gov- 

ernment to undertake a further examination of the auriferous deposits there. A 
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summary of their report, which was submitted in October of that jcar, is pub- 
lished in the Memoirs of the Geological Surrey, Vol. I, p. 90. 

Amongst other rivers examined was the Noa-Dihing, the sand of which was 
found to contain platinum as well as gold. 

The samples of gold obtained by the above-mentioned officers were eventually 
deposited in the Geological Museum, and having recently had occasion to examine 
them with some care, I detected in that from the Noa-Dihing, besides the plati- 
num already mentioned, iridosmine also. 

Of the entire sample (weighing about 75 grains) the great bulk, probably 
over 90 per cent., is gold in scales or flattened grainB. The remainder consists of 
quartz and other silicious grains, including a few red ones like garnet and Borne 
black which are probably schorl, with magnetic iron ; and besides Bmall and 
minute flattened grains of platinum, a not inconsiderable proportion of lead-grey 
scales with metallic lustre. They are of high specific gravity, as is shown by the 
ease with which they can be separated by a fine jet of water from most of the 
other non-auriferous matter, and are hard enough to scratch glass. They are 
insoluble in aqua regia, and infusible before the blowpipe, but lose their lustre 
when heated. Fused with nitre in a platinum spoon they give the odour of 
osmic acid, and, mixed with the violet potassium flame, a yellow streaky luminous 
one. Their dark colour, and their loss of lustre before the blowpipe, point to 
their being sisserskite, the variety of iridosmine containing a high percentage of 
osmium in comparison to that of iridium. The largest scale of iridosmine 
weighs '06 grains, the largest of platinum weighing '095. 

It will be Been that the proportion these metals bear to the gold in the sample 
under discussion is comparatively trifling. But it is possible that if they were 
specially looked for in the Dihing river they might be found in greater 
abundance. It appears that in Burmah, where also platinum is found in con- 
junction with gold, it is the latter only on which much value is placed. “ Mixed 
“ with the gold dust, found to the northward of Ava, are a quantity of grains of 
“ metal having every appearance of iron 1 * * * . The Burmese 

“ look chiefly for the gold dust, separating and bringing that alone generally to 
“ Ava ”* It is not impossible that the gold washers employed by Captain Dalton 
in ignorance of the value of the platinum and iridosmine, may have treated them 
in the same way as the Burmese, and picked out by hand any grains sufficiently 
large to attract the eye. 

With reference to the origin of the platinum and iridosmine, it can scarcely 
be doubted that they are derived from some of the crystalline rocks which are 
known to form a portion at least of the mountainous mass towards the head of the 
Dihing river. In the not very numerous cases in which platinum has been traced 
to its parent rock in other parts of the world, it appears to have been found in 
most instances either in auriferous quartz veins traversing crystalline rocks, o r 

1 The platinum. Asiatic Researches, Vol. XVIII, pt. II, pp. 280, 281. Jour. As. Soc., Bengal 
Vol. I, p. 17. 

* In the Indus Valley also, where, according to Mr. Baden Powell, platinum if found in amal 
quantity with gold, the former is said to he rejected as useless. (Economic Products of the Punjab 
Vol. I, p. 14.) 
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(accompanied frequently by chromite), in serpentine. As serpentine is known to 
exiat largely in theltjUs to the east of Assam, 1 and in Upper Bnrm&h also, it 
might perhaps be suspected to be the platbiferous matrix in those provinces. 
But the intimate association of the platinum with gold in both countries (coupled, 
it might perhaps be added, with the fact that chromite has never been observed 
in the Assam or Burmese auriferous sands) points rather to the rocks in which 
gold is usually found as those from which the platinum has been derived. 

We are indebted to Messrs. Schoene, Kilburo and Go. for a sample of stream 

Clratia mtnmr fr** 1 Biver, near Dhadka, Mdnbhum, 

lately presented to the Museum. The specimen weighs 
about 57 grains, and includes four comparatively large pieces of gold, aggregating 
26*5 grains, of which the heaviest weighs 9*0 grains. The remainder is gold in 
much smaller scales and fine dust, with a little black iron sand (chiefly ilmenite, 
with some magnetite) and a few minute grains and scales of a steetgrey colour. 
These are malleable ; infusible before the blowpipe ; insoluble in hydrochloric or 
nitric acid, but soluble in aqua regia. The solution when evaporated to dryness, 
mixed with water and a drop of a dilute solution of ammonium chloride, and 
allowed to evaporate over oil of vitriol, deposits minute yellow crystals of ap- 
parently octahedral form. The scales are evidently platinum. They occur in 
extremely small quantity however, the platinum being only ‘ a trace * in compari- 
son to the gold. The largest scale in the whole sample weighed only D05 
grains. • 

On subsequently examining other samples of Indian stream gold in the 
Museum, I found similar, but still smaller, scales, which behaved in the same way 
with reagents, Ac., in gold from Ldndu, Chaib&ssa. Scales of Jhe same appear- 
ance were also observed in a specimen of gold from Manbhum, the exact 
locality of which is not given, and in another from the Br&hmini River, Tributary 
Mehals, Orissa. There can scarcely be much doubt that these are platinum also, 
but they were not examined with reagents, the scales from the Brdhmini being 
indeed almost too minute to admit of such treatment. 


It seems therefore not improbable that platinum is somewhat widely diffused 
in the southern part of Chutia Ndgpur, Ac., and perhaps throughout a larger 
area. But the specimens alluded to do not in themselves give ground for believ- 
ing that it occurs in more than minute quantity. It is, however, possible that 
the gold washers may sometimes find grains sufficiently large to attract their 
attention, and that they reject them as useless. 


i |f r( h. B. Medlieott informs me that quantities of serpentinous boulders are washed down to 
the plains by the Dihing and Brahmaputra (Brahmakund) rivers. Captain Hannay found shniltr 
lolled fragments in the Digfru, and there is in the Museum a rolled pebble of the same rock from 
the Dihing. 
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On (1) a Copper Mine lately opened near Yongri Hill, in the D&rjiling District 5 
(2) Arsenical Pyrites in the came neighbourhood; (3) Kaolin at Dixjiling; 
being 3rd Appendix to a Report “ on the Geology and Mineral resource* of the 
Rdijilmg District and the Western Dudrs ; l ” by F. R. Mallbt, Geological 
Survey of India . 

During the present year a new copper mine has been opened on the western 
flank of Yongri hill, in the K&limpnng sub-division of the 
ongn copper mine. D4 r jiH n g district. The Government of Bengal having re- 
quested that an officer of the Geological Survey should be sent to report on it, 
and the duly having been assigned to me, I proceeded to the locality at 
the end of October. 

For a general account of copper mining and smelting in the D&rjiling hills, 
I would refer to my report on the mineral resources of the district, published in 
the memoirs of the Geological Survey, VoL XI, p. 69. The present note refers to 
the Yongri neighbourhood alone. 

The new mine is situated on the left side of a small flora (stream), about 
three-quarters of a mile west of Yongri Hill (N. lat. 26° 57', E. long. 
88° 31'), at an elevation of about 2,509 feet above the sea. The rock in which 
the metalliferous band occurs is gray clay slate, of the ordinary type in the 
D&ling series, which is Tather broken and contorted, but which has an 
average dip at the mine of 60° — 80° to S. 30 W. I obtained no clear evidence of 
there being more than one metalliferous seam. This was first worked by an adit 
driven in from the hill-side at the spot where the ore originally revealed itself by 
its rusty, gossan-like, appearance at the surface, and subsequently by two other 
adits within a few yards of the first one, and by galleries sunk from the above 
along the dip of the beds. The principal gallery having been Bunk to a depth 
at which the influx of water was too great to allow of its being profitably 
carried further, an adit was driven in, across the strike of the rocks, somewhat 
lower down the hill-side, which cut the cupriferous seam about 100 feet from the 
entrance. The miners then worked upwards towards the old workings, and at 
the time of my visit were working downwards along the dip of the seam. The 
driving of this adit through 100 feet of unproductive rock, in order to reach 
the cupriferous bed, Bhowed a knowledge of the principles of mining, and an 
enterprise, of which I have not seen any equal example in the Sikkim mines, 
unless perhaps in that at Rattu.* The cupriferous seam at the spot where the 
miners were working at the time of my visit was about 7 or 8 inches thick* 
consisting of irregular quartzose layers (interbanded with some clay-slate) 
through which the ore is disseminated. The latter is copper pyrites, with a 
large proportion of mundio (iron pyrites), and accompanied by some ochreous 
oxide of iron and a little black copper as results of alteration. 

It will be remarked, therefore, that the Yongri seam, like all the other known 
cupriferous seams in the D&rjiling District,* (1 sbbj) occurs in the rooks of the 

1 Memoir* Geol. Surv. Ind., VoL XI, Pfc. I. The second appendix is contained in VoL -X 
of the Records, p. 148. 

s Memoirs, ’Geol. Surv. Ind., VoL XI, p. 76. 
s Memoirs GeoL Surv. Ind^ VoL XI, p. 78. 



PART 1.] 


57 


“allot • Copper, £«., Dtojiliafe District. 

Diling series ; ( '2ndly ) is a bed, not a true lode 5 and (3rdty) that the ore is 
copper pyritefl. '*/ 

As is commonly the cue in the Darjiling mines, the seam is not of constant 
thickness, expanding in some places, as I was informed by the miners, to a foot 
or so, and in others thhming to only 1 or 2 inches. A sample of the ore, 
as it was being brought out from the mine, yielded on assay 1*5 per cent, of 
copper, while a sample of picked ore gave 6'G per cent. 

On the whole I should be inclined to consider the Tengri cupriferous seam 
ns scarcely on a par with that at Mangphu* on the Tista, and oertainly not equal 
to that at Rattu* in Sikkim. The band is not very thick ; there is a large amount 
of mundic in the ore, and the assays show a rather low percentage of copper. 
Of course this opinion is founded on the state of the different mines at the times 
1 visited them respectively, but the productiveness of the same seam varies con- 
siderably, owing to fluctuations, both in its thickness, and in the proportion of ore 
contained in the gangue. 

One hundered and fifty or 200 yards S. 30 13. of the above mine, a trial drift 
was carried in some distance, at a spot where the usual gossany indications 
were observed. It did not turn out well, however, and is now abandoned and 
filled with water. 

Taking the general strike of the rocks into acconnt, it is not impossible 
perhaps not improbable, that the Yongri cupriferous band is on the same 
horizon as the metalliferous strata at Mangphu. The chance is at least sufficient- 
ly great to snggest a somewhat promising clue towards the discovery of new 
outcrops, between the two positions, to any one with sufficient geological know- 
ledge to apprehend the bearing of the facts, but such knowledge is unfortunate- 
ly not possessed by the native miners. 

Smelting was being carried on at the Yongri mine when I was there. As 
the methods of dressing the ore, and subsequent reduction, are, however, quito 
similar to those I have already described at some length, 8 it would be useless 
to enter into the details here. The copper was being sold at Rs. 2-8 per three 
sere, a portion of it being worked up into oooking vessels, &c., at Surung, a 
village in the neighbourhood. 

On the western flank of Sampthar Hill, about half a mile W. 20° S. 

from the highest summit, and a mile and a half north-east 
** from Yongri mine, at an elevation of about 4,000 feet, 
the outcrop of a metalliferous band dipping north-east at 
50° is exposed for five or six yards. The seam is about a foot thick, of which per- 
haps two-thirds is ore, the remainder being rusty quartzose schist, whioh divides 
the band int o two layers, of whioh the upper is much thioker th an the lower. 
Both consist alm ost entirely of ore, with but little gangue intermixed. Beneath 
the metalliferous seam a foot or so of rusty quartz schist is visible. No other 
rook is exposed olose by, hut a little lower down the hill the ordinary gray 
day-slate of the Doling series is seen. The ore is arsenical pyrites, with a some- 
what considerable proportion of mundic, and a little copper pyrites. 

As white arsenic and orpiment (arsenious acid and arsenious sulphide) 

1 Memoir* Geol. Suit. Ind., Yd. XI, p. 76. Mid., p. 76. * JWA, p. 60. 

s 
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we both easily prepared from arsenical pyrites, and orpiment is used to a 
considerable extent in India in connection with the preparation of hides, it seems 
likely that if some of the copper miners were to learn the way of making the 
above-mentioned prodnote, they could profitably work the Sampthar ore, espe- 
cially as some copper could be subsequently extracted from the spent pyrites. 
Whether Government wonld consider it advisable to allow the manufacture of 
arsenical compounds is of course a separate question* 

The site of the intended European hospital at D&rjiling is on a small hillock, 
the apex of which has been removed, and the earth, Ac., 
Kqpiin at Darjiling. thrown to the sides to form the requisite level spaoe. The 
stuff out through is clay and partially decomposed gneiss, the latter of which 
includes a bed, about 6 feet thick, of a white rock composed of quartz and de- 
composed felspar verging towards kaolin. The stone is soft when first extracted, 
and easily broken between the fingers. It bears a olose resemblance in appear- 
ance to the decomposed granite, found in Cornwall, from which 'China day' is so 
largely prepared, by elntriation, for nse in the English manufactories of porce- 
lain and the finer kinds of pottery. 1 Cornish Btone * is a similar material in 
a less decomposed state. The Ddrjiling rock could undoubtedly be used in the 
manufacture of ceramic ware, but a trial would be needed to ascertain whether 
it is sufficiently pure for porcelain-making. Tested on a small scale, it was found 
to fuse per se at a white heat into a translucent white, or grayish- white, enamel. 
There are dark spots scattered through it here and there, due to more or less 
completely decomposed garnets. These, however, conld be picked out by hand 
to some extent if the rock were used raw. If washed for kaolin, such impurities 
would of course be removed during the elntriation. A considerable quantity of 
the Btone has been quarried in lowering the hospital site, but no further supply 
can he obtained there after the building has been commenced. Similar Btuff, 
however, is probably to be obtained elsewhere from the gneissose rocks of the 
Darjiling hills, and may perhaps be found capable of local utilisation. 


Analyses of Coal and Fire-clay from the Makum Coalfield , Upper Assam. 

We are indebted to Messrs. Sbaw, Finlayson and Co. for permission to 
publish the following analyses, which have been lately made, of ooaJs from the 
Makum field: — 


From Richard Smith, Be*., Metallurgical Laboratory, Royal School of Minot, London, 

, A,tam Railway and Trading Company, London,— dated 29th Soptember 

lOvla 

The ten eemplee of coal* from the “ Makum Coal Field*," Aeaam, merited Noe 1 u 2 
2a. 3, 4 6. 4 7 and 8 mepectively, and on. .ample olay^ve vLIZZm to ‘ 
examination according to the in.tmction.of your Secretary, Mr. W. Tudor John. 

Physical Ohabactibs.— -The ration. ooeJs do not differ muoh to external a ppea 

they are brownish-black or black, hard, bright, do not soil the finger, when tSTSi 
fracture is uneven, and acme of the .ample have flat, aomewbat oonchohtol patch* The 
fr^ment. o» lump, are more or le« cubical, or have irregular bedding olee^STm. of 
them exhibit a peculiar form, resembling an imperfectly columnar rtmotureT 
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Chemical Composition.— In the following Table A are the analyses of the oosls, made 
on the samples as received, and inclusive of the water present s— 


Table A. 



I 

la 

s 

is 

8 

4 

6 

e 

. 

7 

8 

Carbon • 

74*68 

76*81 

75*90 

76*86 

76-40 

74*64 

78*00 

77*90 

74*66 

74-81 

Hydrogen 

6*03 

5*17 

6*22 

5*81 

8-2* 

5*13 

6-27 

5*80 

5*17 

4*96 

Oxygen . 
Nitrogen .3 

14*26 

12*88 

11*86 

11*12 

11*66 

11*67 

1*18 

11*75 

14*49 

1*66 

Sulphur • 

1*88 

1*02 

1*73 

3*71 

*66 

*81 

I’4b 

8*80 

2-88 

*40 

Ash (red)' 

2*66 

1*66 

8*00 

2*00 

8-OQ 


1*00 

1*10 

1*00 

*88 

Water 

(hygroscopic) 

2*05 

2*46 

2*80 

*66 

*80 

t-18 

*16 

1*65 

1 

1*80 

*15 


100*00 

100-00 

100-00 

100*00 


B 

100*00 

100-00 

L=^ 

100*00 



The following Table B represents the composition of the coals calculated on 100 parts, 
and exclusive of snlphnr, water and ash, and are added for comparison. There is a marked 
similarity between them, but Noe. 1 and 7 contain less carbon and more oxygen and 
nitrogen s— 

Tablb B. 


Carbon. . 

79-47 

80-97 

81*64 

82-08 

81*88 

i 

81-48 

81-72 

82-05 

79*15 

81*21 

Hydrogen . 

5-35 

5*46 

5*61 

6-72 

6-66 

5-61 

5*41 

6*58 

6*48 

6-87 

Oxygen • 

16*18 

18-68 

12*75 

12-20 

12*51 

12-96 

12-87 

12-37 

15*87 

18*42 

Nitrogen . • ) 









___ 




100*00 

10000 

100 00 




10000 


100-00 


The nitrogen i. generally preamt in coals to the extent of 1 to 2 per cent. It w« not 

separately determined, as it was not considered necessary. 

»: Jgc su i- — - 

Indian conk which hare been examined, the ash is oonnderably lew. 

. p.*. zr.S iJtis -ir; 

- £■ - ■—* - ** *• -** 
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difference was observed in the oharacter of the gases evolved, or of the residual cokes 
produced from any of the coals. 

The percentage results obtained are given in Table C : — 


Tabu C. 


: 

Coke 

66*50 

69*00 

68*25 

■| ^6 

67-40 

66-40 

68*10 

56*85 

57*20 

5650 

Volatile Gases . 

41*46 

38*55 

3945 

3900 


41*45 

89-76 

41*50 

41*00 

41-88 

Water 

2*05 

2*45 

Vg| 


230 

2*15 

2*15 

1*65 

180 

2*15 


100 00 

100 00 

100-00 

100-00 

100*00 

100*00 

i 

100*00 

10000 


100*0 


The gases given off from the various samples of coals during the coking experiments are 
highly illuminating ; they may, therefore, be applied for purposes of gas-making. 

Ab the samples submitted to examination have been taken from the “ outcrop ” or surface 
ground, the coals may probably be found to improve in character and have a less proportion of 
Bulphur and ash when worked lower down. 

In our experimental trial, the lumps of coal, when first heated, do not appear to soften or 
Btick together to any extent, afterwards they burn freely, and the “ fire ” remains open, 
which is favourable as regards coals required for steam purposes. 

The coal bumB well, but would at first give off a quantity of smoke while putting on 
fresh fuel. This could be avoided to a certain extent by pushing back the ignited fuel and 
feeding in the fresh coal at the front of the furnace. It would also be advisable at first 
to admit a good supply of air to bum the gases produced in the furnace and prevent loss of 
heat by their escape unbumt up the funnel. The supply of air would afterwards require 
to be regulated in older to prevent a too rapid combustion of the coke. If local and other 
circumstances permit, an advantage might be gained by admixture of the coal with a certain 
proportion of Anthracite or other smokeless coal. 

In conclusion, I am of opinion that the coals may be regarded as valuable fuel for various 
purposes. As steam coals, and also for gas-making, coking or manufacturing and household 
use, I also think that they may compete successfully with many British coals. 

Clay. — The sample was more or less laminated or shaly in character. It was tested, and 
found to be a “ fire-clay, ” containing some iron pyrites and coaly matter. Fire-clays often 
occur in association with coal. When the crude clay is exposed to the highest temperature 
attainable in au air furuaoe (sufficient to melt wrought iron), the external surface becomes 
glazed, and it exhibits other indications oE softening to a certain extent. The fire-elay might 
probably he used for some purposes to which clays of a refraotory character are applied, but 
it would not be of best quality or stand exposure to a long continuous heat. If the day is 
previously submitted to a “washing** process to separate the iron pyrites and coaly matter, 
it may probably diminish its liability to softening when exposed to high temperatures. As 
this sample was from the “ out-crop ” or surface ground, it may be possible that clay of 
improved quality may be found when the working of the coal is more developed. 


{Signed) RICHARD SfoTTH. 
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RITT : Examination of Makum Coal. 


Analyst* of" Assam” Coal (Makum Field), by the Gas Light, and Coke Compaq. 

Gas, per ton s 10,900 Cubio Feet. 

U laminating power ...... 17*2 Sperm Candles. 

Coke Cwt. to the Ton. 

Volatile Matter ....... 46*6 per cent. 

Aeh in Coal . 2*0 per cent. 

Ash in Coke • 4*8 per cent. 

Non.*— The coal contains a small percentage of ash* and produces a coke of very fair qnelftj, 
lthough not quite equal to that from Newcastle Goal, yet would be readily saleable. * - 

London, ) 

[ (Signed) ALFRED KITT. 

August 27th , 1881. ) 


The above analyses, coupled with these given in Vol. X, p. 156, furnish data 
for comparing the Makum coals with these from the Rdniganj Reid. The 
comparison is of especial value, as it is against the Rdniganj coal that that of 
Assam has to compete at present for use on the Upper Brahmaputra. And the 
fuel from the two sources will doubtless be brought into much greater competi- 
tion on the railways of North-Eastern Bengal, when the completion of the line, 
now being constructed from the Makum field to the river at Dibrugarh, shall 
have rendered the systematic working of the Assam coal practicable. 

Taking the mean of the ten analyses given of Makum coals, and comparing 
it with the average composition of 31 Rdniganj coals, as determined by Mr. 
Tween, we have — 


Carbon 
Hydrogen ... 

Oxygen and Nitrogen 
8ulphur .. 

Aah 

Hygroscopic water 




Mean composition 

Mean composition 



of 10 Makum cools. 

of 31 BinigapJ ooals. 



75*90 

6820 



618 

4-61 



12*42 

11*30 



232 

*85 



203 

1701 



216 

i 



100*00 

\ 

100*00 


It is scarc el y necessary to remark that the heating power of coal depends on 
the high percentage of carbon and (available) hydrogen it contains, and on the 
low percentage of the remaining constituents. It will be seen, then, that the 
MWi compares most favourably with the Rdniganj, containing as it does 10 
per cent, more carbon, about the same amounts of hydrogen, and of oxygen plus 
nitrogen, and less than one-eighth the quantity of ash. 


■i The hygroscopic water contained in the Rdniganj coals is not separately giyeu. They ware 
possibly dried before analysis. The average amount of water found in the same coals during their 
proximate analysis was 4*8 per cent. 
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II the highest and lowest percentages of the different constituents he compared, 
the result is equally favourable to the Assam coal. 



The following figures, giving the mean proximate composition of the coals from 
each locality, enable a comparison to be made of a somewhat different kind.— 



Mean com position 

Mean composition 


of 18 Assam coals. 1 

of 81 RanigaqJ coals.* 

Fixed carbon 

66*5 

68-20 

Volatile matter (exclusive of water) 

846 

25*83 

Hygroscopic water 

60 

4-80 

Ash ••• ... ... ... 

8*9 

1617 


100*0 

10000 


or, exclusive of water — 






I 

Mean composition 

Mean composition 






of 27 Assam coals. 

of 81 RtfnigapJ ooals. 

Fixed carbon 

sea 

HI 



600 

65*88 

Volatile matter 


••• 

... 

... 

862 

27-18 

Ash ... 

... 

MS 

... 

... 

8-8 

16*99 






1000 

100-00 


Taking the nitrogen at 1*5 per cent., and calculating the theoretic calorifio 
power in centigrade heat units, we have — 


Mean calorific 
power. 

81 R&niganj coals ... ... ... ... ... 6526 

10 Makum coals ... ... ... ... ... 7447 

or as 7 to 8. It appears from Mr. Hughes* remarks 8 that the calorific power of 
none of the 31 samples of B&niganj coal exceeded 7040. 

The one point in which the analyses show an inferiority in the Makum coals 
is in the proportion of sulphur they contain. This is without doubt a somewhat 
serious defect. Most of the Assam, however, cannot be considered a “ brassy ” 
coal. There are at present in the Geological Museum specimens from twelve 
different localities in the Makum, N&sira, and Jdngi fields, which were collected 
in 1874, 1875, and 1876. The majority contain no pyrites visible to the eye, and, 

1 Memoirs- Geof Surv. India, Vol. XII, p. 849. • Record* GeoL Surv. India, Vof X, p. 166. 

8 Ibid., p. 168. 
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after six or eight^ears' exposure to the heat and damp of Calcutta, seven do 
not show even inciggSsatf signs of alteration, white the other five are more or less 
disintegrated through the oxidation of the pyrites contained in them. It remains 
to be seen, therefore, whether by proper care the more and less sulphureous 
coals cannot be worked 'separately, and used for different purposes. 1 

With reference to gas manufacture, Mr. Hughes has stated* that the best 
known gas coal in the R&nigaaj field is that from S&aktoria, which fields about 
9,000 cubic feet per ton. Mr, Hitt’s analysis gave 10*000 feet from that of 
Makum. In this connection it will be observed, on comparison of the ultimate 
and proximate analyses of Makum and IUaigaa| coals given above* that a tag*., 
proportion of the excess of carbon in the former is contained ih the volatile 
portion of the fuel. ' . 

F. R. MALLET. 


Experiments on the Cool of Pind Dadun Mb&n, Salt-range, with reference to the 
production of Gas ; made April 29th, 1881, by Mb, C. H. Blaokbpek, Superin- 
tendent of the Bdwalpindi Gas-works. 

There is reason to believe that the sample of coal on which the experiments 
were made was a picked one, and that it is improbable that similar results 
would be obtained from an average sample of the general bulk. 

The coal was rather small, having been much broken up in transit by rail. 
On the whole it was very dull and heavy, but there were a few M shiny ” pieces here 
and there. At 12 noon, the three retorts were charged, each with one maund : — 


Time. 

State of Meter. 

Gas made. 

Total Prodnction. 

12 noon 

9,342,100 

C. ft. 

C. ft. 

12*30 P. M. 

9,342,340 

440 



9,342,780 

240 

680 

1*30 m ... ••• 

9.342,960 

180 

860 

2 „ 

9.343,100 

140 

1,000 

2-30 * 

9,343,190 

90 

1,C90 

8-00 „ ... ... 

9.343.260 

60 

1,150 

3-30 „ 

9,843,270 

20 

1,170 

4 i, ... ... 

9,343,290 

20 

1,190 

4-30 „ ... ... 

9.343,300 

10 

1,200 

1,200 

6 ,, ... ... 

9,348,300 

Nil 

6-10 „ ... ... 

Retorts drawn. | 




8 mds. produced 1,200 c. ft. = 400 c. ft per mauud. 

400 X 27$ = 10,900 c. ft per ton. 

The oobe produced is very small indeed— like fine ash, and smells excessively of sulphur. 

Total produce of coke =* mds. 1-84.'. 

8 mds. coal produced 74 seers coke = seers 24J per maund. 

.\24f m 271 *=* mds. 16-29 of coke per ton of coal. . . 

The gas eras roughly tested photometrically the same evening; the burner used was London 
D. a and the light given was very good. 

The result of the testing showed the gas to be equal to about 12| standard candles. 

The amount of sulphur however is excessive, as shown by thq test papers, hereto attached, and 
whioh were exposed only during the period of testing; aud the smell in the dose Photometer 
boose wee very pungent. 

i Memoirs, XU, 849. 


YoL X, p. 16 
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Report On the proceeding* and result* of the International Geological Congress 
of Bologna. Bt W. T. Blanford, F.R.S., Senior Deputy Superintendent , 
Geological Survey of India. 


The origin of the Bologna Geological Congress may be stated in veiy few 
words. A number of geologists of various nations, after visiting the Universal 
Exhibition of Philadelphia in 1876, met at Buffalo and nominated a Committee 
to make the necessary preliminary arrangements for an International Geological 
Congress at Paris in 1878. The object of this Congress was to decide upon rules 
for the construction of geological maps, and for geological nomenclature and 
classification. 

The Geological Congress of Paris, the first of a series that may very possibly be 
further extended, met on the 29th of August 1878 at the Trocadero Palace, and, 
having elected M. Hubert President, proceeded to a discussion, which lasted 
for seven days, on the various subjects included in the general-programme. 
Little more was done than to determine upon the course to be adopted in future, 
to nominate two International Committees who should report upon the two 
important questions of (1) geological nomenclature, and (2) the colours, signs, 
and other marks to be used in geological maps, to entrust a third Committee 
with the task of reporting upon the rules of nomenclature to be used in palaeon- 
tology, and to determine that the second meeting of the Congress Bhould take 
place at Bologna in Italy in the present year 1881. A fresh Committee was 
appointed to make arrangements for the Bologna Meeting or Second Interna- 
tional Geological Congress, which met on the 26th September last. 

The Committee on geological nomenclature (commission pour Vunification 
de la nomenclature en geologic ) , with the addition of representatives of some 
nations not included in the original list, finally comprised the following : — 


Professor F. Roves 
P rof. Jas. Hall 
Dr. Stkrey Hunt 
Professor A. Liversidgb 
Dr. M. E. Mojsisoyics 
Professor G. Dewalqub 
Prof. Hubert . 

Prof. J. V ilano YA 

Mr. 0. Ribeibo 

Professor T. McK. Hughes 

Prof. J. Szabo 

Prof. J. Capellini . 

Prof. Stephanesco . 

Prof. lNOSTBANZBPP . 

Prof. Lundgben 
Prof. A. Favbb 


. Germany 

United States of America. 
. Canada. 

. Australia. 

. Austria. 

. Belgium. 

. France. 

« Spain. 

Portugal. 

. British Isles. 

. Hungary. 

. Italy. 

. Roumania 
. Russia. 

• Scandinavia. 

. Switzerland. 


The members mentioned, with very few exceptions, formed s national Sub- 
Committee, exclusively composed of geologists of his own nationality. Of these 
different Sub-Committees, 7, viz., those for Belgium, France, Spain and Portugal 
(jointly), Gwat Britain and Ireland, Hungary, Italy, and S witzeria^d, reported 
more or less folly to the general Committee. No reports were received from the 
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othee Sub- Committees, bat a separate communication was sent by Prof. JL D. 
Dana of the Faiteft^tatw, and this was printed with the others in the g eneral 
report drawn np by* Prof. Dewalqne, and tarnished to «•<* member of the Bo- 
logna Congress. 

The Committee on colours and signs for geological maps (unification des 
Jtyurto ou des proctde* graphiquei en gtologte) consisted of the following mem- 
bers v the majority of whom, as in the esse of the Committee on nomenclature 
formed Sub-Committees of their own countrymen s— 

A. Selwyn, Director of the Geological Surrey of Canada, for Canada. 

J. P. Lesley, Director of the Gedlogioaf Survey of Penqylvttnia — United Stalls. 

A. Liveraidge, Professor at the University of Sidney — Australia. 

A. Ramsay, Director of the Geological Surrey of Great 1 Britain and Ireland 
British Isles. 

Otto Torell, Director of the Geological maps of Sweden — Scandinavia. 

V. von Moeller, Professor at the Institute of Mines, St. Petersburgh — Russia 

M. v. Hantken, Director of the Geological Institute at Buda-Pfesth — Hon* 
gaiy. 

Freiherr ▼. Hauer, Direotor of the Imperial and Royal Geological Reichsan* 
stalt at Vienna — Austria. 

G. W. Giimbel, Director of the Geological map of Bavaria— Germany. 

F. Giordano, Inspector- General of Mines at Rome — Italy. 

J. B. de Chancourtois, Professor at the School of Mines in Paris — France. 

E. Dupont, Direotor of the Royal Belgian Museum at Brussels— Belgium. 

C. Hibeiro, Chief of the Geological Section of Portugal at Lisbon — Iberian 
Peninsula. 

B. Renevier, Professor at the Academy of Lausanne — S witcerland . 

Mr. Selwyn was President and M. Renevier Secretary, and the latter drew up 
the report of the general Committee. He had previously published two memoirs 
with r£sum6s of the Sub-Committee's reports. The-firstaud most important ques- 
tion was the adoption of an international scale of colours to represent the geological 
series, each colour in the scale corresponding to one of the great sub-divisions, 
such as Carboniferous or Jurassic, under which, by the common consent of 
geologists, sedimentary rooks have been classified. The other questions consi- 
dered were (2) the colouration to be adopted for igneous rocks ; (3) the lettering 
to be employed for the distinction of beds of different geological ages ; (4) 
various signs and marks for the representation of petrological, paleontological 
and other characters ; (5) the scale for general maps ; and (6) the organisation 
of future work. 

There can be no doubt that for all the geological surveys of the world, and 
perhaps for geologists in general, the questions affecting geologioal colours and 
signs were the most important of all those submitted to the Congress. They had 
the enormous advantage of being entirely independent of language,— a difficulty 
which must always interfere with the adoption of a general nomenclature, for 
terms in one language are far from being exactly equivalent to corresponding 

z 
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terms of the same etymological derivation in another tongue. But, unfortunately , 
go many ’widely-diverging systems of colouration have been adopted by* geologists 
in various countries, that any general compromise must produce a difference 
between maps coloured on the scale adoptod, and all those previously issued. And, 
as will be seen in the sequel, although the Congress came to a decision on several 
points, a far larger number were left undecided. 

The importance and difficulty of the question of map colouration and signs 
induced the committee of organisation to offer a reward of five thousand Francs 
(£200) for the best memoir on the subject. Several memoirs 1 were received, but 
none, in the opinion of the judges, merited the full prize, which was distributed 
amongst the three best dissertations. 3 

The third committee, on the nomenclature of speoies, consisted of MM. Cotteau, 
Douvill6, Gaudry, Gosselct, Pomel, and De Saporta for Palaeontology, and M.M. 
Des Cloizeaux and Jannettaz for Mineralogy. The palaeontological committee, of 
which Mr. Gaudry was President and Mr. Douville Secretary, furnished a report ; 
but this report has not the same importance as the others already mentioned ; for, 
despite the high position occupied by several of the membors, the circum- 
stance of all belonging to one nation deprives the Committee of the representative 
character possessed by the other two ; and with regard to palseontological no- 
menclature, there can bo no doubt that the rules to be adopted for all biology, both 
of living and fossil forms, must be determined by a general consensus of botanists 
and zoologists, — palreontologists being admitted as biologists and not as geologists. 
It is manifest that for a geological congress to attempt to settle rules for biologi- 
cal nomenclature would be as ineffectual as for a congress of biologists to attempt 
to define geological terms. However excellent the rules adopted might be, they 
would not receive general acceptance, because the legislators would not be 
considered competent to decide on matters with which many of them conld have 
hut an imperfect acquaintance. 

Indeed, it may here be stated, once for all, that although a geological congress, 
as at present constituted, has great advantages for the discussion of various 
questions proposed to it, it also suffers from great disadvantages in endeavouring 
to decide upon difficult points. The majority of the members necessarily belong 
to the nation in whose country the meeting is held, and although all aro 
qualified who have the right to vote (none being admitted as effective members 
who are not either geologists by profession or else the authors of geological 
memoirs), still there is somotimes a preponderance of particular views amongst 
geologists of one nation, which may not be as generally held by those in other 
countries. For some of tho very delicate and difficult points involved in questions 
like that of nomenclature, it would be far more satisfactory, if practicable, that 
the votiug on disputed questions should be limitod to the representatives of geolo- 
gical societies and geological surveys. 

The difficulties of language appear more formidable than they have been 
found in reality to bo. The sole language employed at the Paris and Bologna 

1 Six I believe, but I uni not quite sure of the number. 

3 THeie wfcre by MM. Heim of Zurich, Curpiiieki of St. Petersburg, and Maittaiti of Lauxaune 
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Congresses was French, and almost necessarily so, sinoe it is the only one. that 
is easily understoC^ty nearly all the members. A slight advantage was doubtless 
afforded to the French and Belgian, and to some of the Swiss, members, who used 
their native tongue, but all, however imperfect their powers of expressing them- 
selves, were heard with equal patience ; and it is not quite certain that the 
abridgement of the discussions, owing to the imperfect power of many speakers 
to express themselves with fluency, was not a gam that counterbalanced many 
disadvantages. 

As already mentioned, the second Geological Congress, which I attended by 
order of the Government of India* met at Bologna on the 26th September 188J. 
Altogether about 200 members were present, of whom 130 were Italians and 70. 
foreigners. Professor Capellini was elected President, and the following were 
made Vice-Presidents, as representatives of the different countries named : 


Austria 

Bavaria 

Belgium 

Canada* 

Denmark 

Spain 

United States 

France 

Great Britain 

Hungary 

India 

Italy 


Portugal 

Prussia 

Roumania 

Russia 

Sweden 

Switzerland 


If. Mojsisovics. 

„ Zittel. 

„ Dewalquc. 

„ ttterry Hunt. 

„ Waldmar-SrhmldU 
„ Vilanova. 

„ J. Hall. 

„ Daubr&e. 

„ McK. Hnghes. 

„ Szabo. 

„ Blanfonl. 

„ Meneghini. 

„ Dc Zigno. 

,, Delgado. 

„ Beyrich. 

„ Stefanesco. 

„ v. Moeller. 

„ Torell. 

„ Renevier. 


M. Giordano was elected General Secretary ; Messrs. Bornemann, Delaire^ 
Fontannes, Pilar, Taramelli, Topley, Uzielli, and Zezi, Secretaries ; and M. Scara- 
belli, Treasurer. M. Hubert, the President of the first Congress, attended the 
second Congress throughout, and M. Q. Sella was Honorary President. 

The above names are merely given to show that the Congress was fairly re- 
presentative. The greater number are well-known geologists, and amongst the 
other members of Congress were several distinguished men. All* those named, 
with the addition of Messrs. Bioche, Bosniaski, Briart, De Chancourtois, Oocchi, 
Cosbo, Fisoher, Gemmellaro, Guiscardi, De Hantken, Hauchecome, Issel, Inos- 
tranzeff, Jaocard, Malaise, Mayer-Bymar, Omboni, Pellati, Pirona, Schmidt, 
Seguenza, Silvestri, Stoppani, and Trautschold, formed the Council or General 
Committee of the Congress. 

The first meeting, that of September 26th, was chiefly formal, and devoted to 
the election of officers and delivery of addresses. The meetings of September 
27th and 28th were devoted to geological nomenclature, those of the 29th and 
30th to geological maps ( unification desfigurds ), that of October 1st to palseontola- 
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gioal nomenclature, and on October 2nd the Congress was'formally dosed and 
Berlin chosen as the seat of the next meeting in 1884. The following aooount of 
(he results of the Congress will show what has been done. The principal of them 
are contained in the “ Proces-verbaux Sommaires” already printed, giving short 
accounts of the business transacted each day. 

In the sittings of September 27th the following resolutions were adopted by 
a large majority. They were taken from the report of the French Committee on 
nomenclature 

Geology is the history of the earth, 1 The fads which enable us to retrace 
(restauror) this history are contained in the mineral masses constituting the crust of 
the earth. 

Mineral masses. — Mineral masses may he considered under three aspects ; that of 
their nature , or of their composition , that of their origin , and that of their age. 

Books. — Considered with regard to their composition , mineral masses take the 
name of Bocks. Thus we may say — 

Granitic rocks. 

Calcareous rocks. 

Argillaceous rocks, <fec. 

Formations. — With reference to their origin , mineral masses are called Forma- 
tions, a word used hy several nations , but which belongs to the French language ,* This 
term is only an abridged form of * mode of formation ,’ and consequently implies of 
itself the idea of origin. 

The translation of the paragraph on the word formation in M. Dewalque’s 
general report is the following. This paragraph was not adopted specially, but 
it agrees entirely with the preceding : 

“ The word formation implies the idea of origin and not of time. It should 
nots be employed as a synonym of system (terrain) or of stage (dtage). But we 
may very well say : eruptive formations, granitic , gneissic , calcareous formations, 
marine or lacustrine formations, chemical and debrital formations, fa.” 

After accepting the four paragraphs translated above from the French report, 
the meeting took up the consideration of the r6sum6 and conclusions contained 
in the general report, adapted by M. Dewalque, Secretary of the Committee for 
the Unification of Geological Nomenclature, from the separate reports of the differ- 
ent national committees. 

The opening paragraphs of this r4eum6 deal with terms applied to mineral- 
masses in general with regard to age. After a very brief summary, the conclu- 
sions are stated in twenty-eight paragraphs, consecutively numbered ; and of these 
paragraphs a certain number were discussed, altered, or amended, in several in- 
stances, and voted seriatim. 

The following paragraph of the preliminary summaiy is essential to the 
clear comprehension of the various paragraphs. M. Dewalque writes 

“ Let us first examine that which concerns classification proper. 

<c All geologists agree in admitting about ten great series of strata, usually 
distinguished in French under the name of terrains , which are flamed together 

1 That is of the planet, on which we live. * 

■ That is, in this especial signification. It was agreed to give op the use of the tern in the 
tense of rocks of any particular geological age. 
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in four or fire groups of a higher grade, and whichare daily being divided and 
sub-divided * to Sftymter extent. What are the terms to be employed for the 
different grades of ttds classification P The following table, in which the eeoond 
column corresponds to those divisions which we have just called “ terrains,” 
records the opinions of the different committees. In the absence of the Ameri- 
can report, it has appeared useful to insert the proposition recently made by one 
of the members. In this esse, as in that of the English propositions, we have 
considered that we might put in the first column, but between parenthesis, the 
expressions which it appears to ns would be employed by the authors of the 
reports.” 


“America 1 (Dana) 

1 

(Terranes) 

t 

Itiun e 

S 

Group 

4 * 

, Stage Beds, Sub stage. 

iStage Sou*-6tage,«ss»s0 

Belgium 

Terrains 

Terrain 

Sjsteme 

France 

Terrains 

Terrain 

fftage 

Sous 6t*ge Awise, 

Spain and Portugal Slrie 

Terrain 

Membra 

IStage PEc me. 

Great Britain 

(Systems) 

Formations 

oywem 

Formation 

P P 

Hungary 

Formation 

Stage 

Assise Couches, 

Italy 

Terreno 

Systems 

Piano 

P P 

Switzerland 

S6rie 

Terrain (Oebilde) Syst&me 

Stage (Stole) Assise. 


It is unnecessary to translate at length the resolutions originally proposed by 
M. Dew&lque, since nearly all were modified by the Congress. The terms he 
ultimately proposed for adoption, and those accepted by the Congress, were the 
following : — 

1. For the first grade, that is, for a division of the whole series corresponding 

to palaeozoic or mesozoic, no separate term was proposed. Jt was sug- 
gested thf t the plural of the 2nd grade should be used, and that geologists 
should write, e.g., the secondary terranes . The Congress, however, by a 
large majority adopted the term groups (group). 

2. For the second grade, the most important of all, that corresponding to 

such sub-di visions as Silurian, Carboniferous, Jurassic,- Ac., the term 
terrain was proposed in French, terrane in English, Oebilde in Gorman. 
After a long discussion, however, the word systems (system) was adopted 
by a considerable majority. 

3« For the third grade, corresponding to such sub-divisions as npper and 
lower silurian, lias, dogger, neocomian, Ac., the term groupe or systhne 
had been proposed in M. Dewalque’s report. Both these terms having 
been otherwise defined, he next proposed division . This led to a long 
discussion and much difference of opinion, and another term, s$rie, was 
supported by a large section of the members. The show of hands leav- 
ing the result doubtful, a ballot was taken, in whioh 52 votes were 
given for the word sdrie, and 35 for division. The former term waa 
consequently adopted ; hut, as it was shown that the corresponding ex- 
pressions in German and Russian were inadmissible, it was finally agreed, 
after the subject had been reconsidered by the Council, that two terms, 

* This is merely, it should be remembered, Mr. Dana’s personal suggestion, and I was 
assured by the Amerioan geologists present at Bologna that the adoption of the term terrane would 
no more be approved by Amerioan geologists in general than by English. 
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sirie and section, might be employed, the Gorman equivalent of the 
latter being Abtheilung . 1 

4. For the next lower grade of divisions, equivalent to associations of strata 

like those distinguished in the jurassio system by the names of Purbeok, 
Portland, Kimmeridge, Oxford, Bath Oolite, Ac., the term itage in 
French and its equivalents ( stage in English, Stufe in German, piano in 
Italian, piso in Spanish) were recommended in the report and accepted 
almost unanimously. 

5. For the next sub-division the term assise was adopted by a large majority. 

. In the report it was suggested that the corresponding terms should be 

beds in English, Schichten in German, strata in Italian. The choice of 
terms was, however, left open. 

Paragraphs 7 and 8 of M. Dewalque’s report were unanimously accepted. 
They run thus — 

7. The case may occur in which a geologist thinks it desirable to group together 

a certain number of assises into intermediate sub-divisions, which united 
together would form an Stage. In such cases the intermediate sub-divisions 
would bear in French the name of sous-6tage. 

8. The lowest element of stratified systems is the strate (stratum) or couche (bed). 

The remaining paragraphs of M. Dewalque’s report on terms of classifica- 
tion were not discussed, but, as they contain some valuable suggestions, a trans- 
lation is appended. 

9. The word banc ( bank *) is applied to beds that are thicker or more coherent 

than those in the neighbourhood, or between which they are interca- 
lated. 

10. Inversely, thin or slightly coherent beds will be distinguished in French 
by the word lit * 

“ 11. The English plural rocks, and its corresponding terms roches , roccie , will 
have the same signification as assise : Ex. — Llandovery rocks , roccie a 
Qlobigerine. 

“ 12. A zone is an assemblage of beds of inferior order, characterised by one 
or more special fossils, after which it is named. 

“This expression is, therefore, synonym of the preceding one, from 
which it differs by the necessary addition of one or two of 

fossils. 

1 Section is, of course, inapplicable in English, as it has another signification, which would lead 
to confusion. Division might he used, as it is the equivalent of Abtheilung. 

It is not clear whether this term is supposed to he applicable in English ; hnt, if so, the 
supposition is erroneous. The English term band might he used, hnt it may be questioned whe- 
ther the distinction is necessary. 

* In a foot-note, M. Dewalque remarks that he has not attempted to propose the exact limita- 
tion of the English terms bed and layer. He admits that, whilst the exact English equivalent of 
lit is bed, the latter word is employed, as a rule, in the sense of the French word couch*. If the 
distinction be really of sufficient importance to deserve recognition, there would probably he no 
objection to the use of layer as an equivalent term to lit. * 
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44 It may also happen that a ‘zone’ may be an ‘aseufe,’ 1 although. the 
former*^ more frequently a division of the 4th order. 
u I®* •^ e oaane o£ horizon is given to a bed or to a set (sArie) of beds which 
possess well-marked characters, by means of which they may be easily 
distinguished over large tracts of country. 

** ^ wor< l fypfo (deposit in English) should only be applied to a mass 
produced during a period of time, or within an area limited and 
characterised by a certain petrographic&l homogeneousne ss/ * 

It is as well that these various terms should undergo further consideration 
before any attempt is made to define them exactly. ' 

Before proceeding further, it may he as well to show the application of the 
terms agreed upon to some of the Indian rooka. Taking, for instance, the creta- 
ceous deposits of Trichinopoly, all belong to the mppm- series of the oretaccous 
system, which is part of the mesosoio group ;*ad near Trichinopoly three marine 
stages are distinguished,— the Arialur, Trichinopoly, and Utatur stages. Similarly, 
the jurassic system of Cutch comprises four sieges, — Umia, Katrol, Chari, and 
Patcham. Again, the great Gondwana system is divided into several series, of 
which the Damuda is one, and the Ranig&nj, Iron-stone shales and Barakar are 
the stages constituting that series. As an example of an u assise, 1 * the Talchir 
boulder bed might be quoted. 

The next question for discussion was the ase of chronological terms corre- 
sponding to the various divisions already defined. After much discussion the 
following were adopted : — 

1. Era, corresponding to group . 

2. Period, corresponding to system . 

3. Epoch , corresponding to series . 

4. Age, corresponding to stage. 

All these were voted either unanimously or by large majorities, except the word 
epoch, which was only preferred to cycle by a single vote, the numbers on ja 
ballot being 47 to 46. 

It has, consequently, been determined that the correct expressions to use are — 

Palaeozoic or mesozoio era . 

Silurian, jurassic, or eocene period . 

Lias or neocomian epoch. 

Kimmeridge or Purbeck age. 

Of all the decisions, those whioh will probably appear least judicious are the 
significations given to the two words, group and series . Loosely as these expres- 
sions have hitherto been employed in English, the term series has, as a rule, been 
understood to imply a higher grade in geological classification, and to embrace 
a greater range of rocks than group. However, there is no insuperable objection 
to the reversal of these significations. 

It had been proposed to consider the application of a systematic terminology 
to groups, systems, series, and stages ; to let all names of systems, for instance, 

1 There appears to be some mistake here; I can only say that the above is an exact translation 
of the original. , 
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tannin ate in*.tgtie in French, and... to in English, like Jurassi# and Triassao, and 
to employ, Oretacio, Carbonic, and Siluric, instead of the ordinary terminations. 
The Congress, however, very wisely refused to discuss the question. 

It has already been stated that the meetings of September 29th and 30th 
were devoted to the colours and signs for geological maps. The greater part of 
the first day, however, was taken up by a discussion on the proposed general 
geological map of Europe. It is needless to enter into particulars on this 
subject, and it is sufficient to state the conclusions adopted. It was agreed that 
the map should he prepared at Berlin, and that the work should be under the 
supervision of a committee thus composed 

MM. Beyrich and Hauchecorne, Executive Directors, for Germany. 

M. Mojsisovics for Austria-Hungary. 

M. Daubrde for France. 

Mr. Topley for England. 

M. Giordano for Italy. 

M. de Moeller for Russia. 

M. Renevifir as the Secretary of the original Committee on map colour- 
ation. 

The scale is to be ^ ^ (between 23 and 24 miles to the inch). The Com- 
mittee to meet yearly at certain fixed times and places. 

It may be added that the great delay that would be involved prevented the 
adoption of a larger scale. It is well to bear the scale of this map in mind, &0 it 
may be useful to prepare maps of other parts of the world, where practicable, on 
the B&me scale and with the same system of colouration, so that eventually all 
may he combined in one general geological atlas. 

The next subject was that of the colours to be employed for systems of different 
ages. It may here he observed, that although no list of geological systems was 
approved, that upon which the scheme of colouration proposed in Prof. Renevier’s 
report was based, comprised the following : — 

Recent*- 

Pliocene and Plistocene. 

Miocene. 

Eocene. 

Cretaceous. 

Jurassic. 

Triassio. 

Carboniferous (including Permian P) 

Devonian. 

Silurian (induding Cambrian P) 

Precambrian. 

The following resolutions were first 
from that originally proposed. All mention of the spectrum, on whiehthe scheme 
adopted was originally said to have been founded, was omitted, pnd Very justly, 
fcinoe neither the sequence, nor in some cases the colours proposed, are r^lly those 
of the solar spectrum. . ' * . 


| Tertiary or Cenozoio. 

| Secondary or Mesozoic. 
\ Primary or Palaeozoic. 


passed. Both are considerably modified 
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I* The Geological Congress of Bologna consider thgt there is occasion to adopt an 
international agreethtk* for the application of colours to the representation of geological 
formations. The serits qf colours adopted will be recommended to all countries and 
all geologists, especially in view of general works, but without any retrospective action 
upon maps in process of publication. 

2. Rose-carmine (pink) will be preferred (sera affects <fe prStbrmoe) for crys- 
talline schists , whenever there is no certain proof that they are of Cambrian orpost- 
Cambrian age. 

Bright rose colour may be reserved for rocks of pre-Cambrian age, and pals rose 
for crystalline schists of indeterminate age* 

Both these resolution* were dimmed at oousidetable length. The second 
resolution originally commenced thus ; “ Bore-carmine will be especially applied 
(sera affecUe sptcialement ) to crystalline schists/' and it was objected that the 
phrase should be modified so as to permit the application of the colour to other 
rooks in case of need. Another objection, that some pre-Cambrian beds may 
not be crystalline schists, was partially met by the form above adopted for the 
second part of the resolution. There is, however, some reason to suppose that fur- 
ther modification, and the use of additional tints, may become necessary in countries 
like North America and India, where several systems of rooks, known or believed 
to be of pre-Cambrian age, require distinction. 

The third resolution was not discussed, as it was considered that further con- 
sideration was necessary before the classification of the palaeozoic rocks, and the 
colours to be adopted for them, could be decided upon. The resolution ran thus. 

3. Three colours will be applied to palaeozoic systems : — 

ls^— Violet for silurian. 

2nd— Brown for Devonian. 

3rd — Dark grey for Permian and Carboniferous. 

There was great divergence of opinion as to the claims of Cambrian and Per- 
mian to be distinguished by different colours, and also as to the tints to be em- 
ployed. Thns the English Committee, whose report was received after the 
general report had been printed, recommended the following scale 

Permian — Chalons brown. 

Carboniferous— dark grey. 

Devonian— Indian red. 

Silurian — violet. 

Cambrian — purplish violet. 

Pre-Oambrian — purplish carmine. 

The ft fv ™* committee proposed to distinguish altered fmetamorphio) recks, of 
whatever age, by Kwaa or marks of red above the colour of the system. 

The question of the colours to be used for palaaozoio rooks was finally referred 
to the International Committee appointed to supervise the map of Europe. 

In Beeolution 4 on the colours for mesozoic rooks, an alteration was made 
on the proposal of M. Benevier himself in the adoption of violet instead of 
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briok-red, the colour first proposed, for tries. The resolution thus modified was 
passed. It runs thus 

4. Three colour* are applied to the secondary or mesozoic systems, 

lst — Violet for trios . 

2nd.— Blue for jurassic (lias may be distinguished by a darker blue). 

3rd. — Green for cretaceous . 

The cenozoic rocks were quickly disposed of. In M. Renevxer’s reports the 
colouration proposed was : bright yellow (gamboge) lor eocene, chamois yellow 
(a kind of buff) for miooene, and pale sepia yellow with a light orange tint for 
pliocene and plistocene; modern formations to be left white, or represented 
by various signs on a white ground. The modified resolution proposed by M. Re- 
nevier and adopted was the following : — 

5. The tints of yellow will be applied to the cenozoic group , the higher beds being 
represented by paler shades. 

This was almost unanimously agreed to, but there was considerable discus- 
sion as to the selection of a special colour for quaternary beds. The question was 
ultimately left to the decision of the Map Committee. 

The following three resolutions were then unanimously adopted : — 

6. The sub-divisions of a system may be represented by shades of the colour adopt- 
ed, by white spaces being left (reserves de blanc), or by various markings (haohures) 
according to the particular requirements of each map , the only condition being that 
these markings be not opposed to the orographioal characters , and that they do not render 
the map confused. 

The shades , either full or broken tints (pleines ou par reserves) should be applied 
in the direct order of age , the darkest always representing the oldest beds . 

7. The litteral notation ( lettering ) for rocks shall be based upon the Latin alphabet 
for sedimentary and the Greek alphabet for eruptive formations . 

The monogram of a system shall be formed as a rule by the initial oapital letter 
of that system. The sub-divisions may be distinguished by adding to the capital ini- 
tial letter , either the small letter that begins the name of the sub-division or a numer- 
ical exponent , or either one or the other as most convenient . 

The numbers of numerical exponents ought always to be used in chronological 
order , one signifying the lowest , that is , the oldest sub-division . 

8. The use of paleontological, orbgraphical , chronological, petrographieal, and geo- 
technical signs, is recommended. Those which are, at the sometime, the simplest, the 
most distinctive and the most easily remembered, should be preferred. 

It may be useful to give an illustration of Resolution 7. Taking, for in* 
stance, the Triassic system which would be represented by T, the three principal 
stages, Bunter, Muschelkalk, and Keuper, into which it is sub-divided, would be 
indicated by Tb, Tm, and Tk. The different associations of beds or “ assises ” in 
the Bunter would be represented by Tb^ Tb* Tb* &o., Tbj being employed for 
the oldest. 

This terminated the portion of the work relating to geological maps. The 
important question of the colouration of igneous rocks was reserved for further 
consideration. 
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The sitting of October 1st was occupied with the oonsidtfmtion of the rules, 
for palaratelggite^n^^ and was of less interest than the meetings of 

the pxuvunisdajs. %t trill be sufficient to give a te a a sla t ion of the resolutions 
voted. 

1. The nomenclature adopted is that in which each being is indicated bp a gene* 
rie and a specific name. 

2. Each of these names is composed of a single word t of Latin* or Latinised ; 

written according to the rules qf Latin orthography* 

8. Speoies mag present a certain number cf modifications connected together in 
time or apace, and Micefiedmder tim names 
modifications, of which the erdgfinwdo&tfal, are empty catied forms. 

These modifications will be indicated, if memory, by a third term, j weeded 
according to circumstanees, by ikaoierd* imbtfy, mutation Or form, or by 
corresponding abbreviations*, * , 

(a) A specific name should always be followed by the name qf the author who 
established it. The author’s name is phased between parentheses, when the original 
generic name is not preserved ; and in this ease it is useful to add thq name <f the 
author who changed the generic title. 

The same arrangement is applicable to varieties raised to the rank of species. 

4. The name assigned to each genus and each species is that under which it 

was first indicated , provided that the characters of such genus and speoies 
hare been published and clearly defined . Priority does not go back 
beyond the twelfth edition of Linnasus , 1866. 

5. In future, for specific names, priority will not be irrevocably acquired, except 

when the species is not only described, but figured also. 

It was thought undesirable to proceed further, most of the details being 
matters requiring regulation by biologists generally. The few rules passed differ 
principally from those adopted by M. Don villas report in ref using to acknowledge 
pre-Linnesan names. 

At the closing meeting on Ootober 2nd, Prof. Beyrich was named President 
of the co mmi ttee of organisation for the next Congress at Berlin, and a fresh 
International Committee was appointed to continue the work relating to the n&ifi* 
cation of geological nomenclature. This committee consists of Messrs. Zittel for 
Germany, Neumayer for Austria, Dewalque for Belgium, Sterry Hunt for Canada, 
Vilanova for Spain, James Hall for the United States, Hubert for France, Hughes 
for Great Britain, Ssabo for Hungary, Blanford for India, Capellini for Italy, 
Delgado for Portugal, Stefanesco for Roumania, Moeller for Russia, Totelt for 
S candinav ia, Ch Mayer for Switzerland. This committee is to meet next year, 
1882, together with the Map Committee, at the place and on the day fixed for the 

» That is to ssy, (sal the distinction is of great importance for geologists,) s mutation is a 
modified form of a species found in a bed of different age from that containing the typical form. 
A variety Isa modification due, not to difference of geological age. bat to geographical distribution. 
The distinction between these terms may be very usefully employed in geology. The original pro- 
posalof the term mutation, to express secular variation, U attributed to our old colleague, Dr. 
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provincial meeting of the Geological Society of France ; in the subsequent 
1863, at the meeting of the Swiss Society of Natural Sciences* 

Considering the work of the Congress as a whole, it cannot he stated 
that very much has been done towards the unification of nomenclature or 
of colouration and signs for geological maps. But still something has been 
effected ; and if the extreme slowness of all legislative action in countries where 
the legislators ore really a representative body be taken into consideration, 
the resolutions passed will not seem so meagre as at a first glance they 
appear to be. A commencement has, at all events, been made towards effecting 
both the main objects of this and similar congresses, and it is far better to pause 
and collect further evidence before coming to any final determination than to 
attempt to lay down rules, which, not being supported by a majority of geologists, 
will be generally disregarded. With reference to questions of nomenclature it 
should be remembered that many continental nations, and especially the French, 
aim at greater exactitude in the choice and use of words than is customary in 
English, and the importance of precise definition is therefore greater to them than 
to ourselves. Each system has its advantages, precision may be carried to 
excess, and so may laxity, even in the use of words ; over-refinement, and the use 
of terms that do not express facts, may result from excess on the one side, and 
confusion from excess on the other, but unquestionably there is need for the 
definition of a considerable number of terms in addition to^those already adopted 
whilst it can scarcely be said that any now accepted are unnecessary. The body 
of geologists throughout the world is large, and very widely scattered, and muoh 
time is necessary before the general feeling of the whole body can be ascertained; 
Moreover, the use of a congress like that of Bologna is by no means limited to 
making abstract resolutions. It is of vast importance, especially to those who 
have passed a great part of their lives in distant parts of the world like India, 
to meet the geologists of other countries and to exchange ideas. 


DONATIONS TO THE MUSEUM. 


Two specimens of iolite, from, excavation at Buddha Gaya. 
Galena, from Maingay’s Island, Tenasserim. 


Donor*. 
Sis Ashley Eden. 
Comm ahdee A. D. Tatlob. 


Coal (Damuda) from right bank of God&vari, opposite Lingftla. 

Mb. T. Vakbtavebn. 

Native oopper, copper pyrites, azurite and galena, from New Zealand. 

Mb. 0. Fbasbb. 

Red hematite, from the Sandur Hills, Bellary District. 

Mb. D. Bbandis. 

Stream gold oontaiung platinum, from the Guram river, M&nbbum. 

Messes. Schobhb, Eilbubv, and Co. 
Last upper molar of Eyanareto $ from the English Crag. 

Fbovbmob Fjlowbb. 

Casts of skull of Bramatherium and of teeth of Sioatkerinm and Enhydriodon in the 
Museum of the Royal College of Surgeons. 

Casts of SiwaUk bird-bones in the British Museum. 


BruxoHAiroi. 

Bt rUBOHASS. 
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ADDITIONS TO THB LIBRA.BY. 

/* 01 £ llT OCTOBM TO 81w Dscxysu 1881. 

TU1«» of Book*. Donor*. 

Airann, N. P.— Geologist tffvereigte-lcarta ofver shut. mod XtfSyande Text (1877), 8m, 
Land. 

The Aotghob. 

Babbtti, Mabttn, — A per^a Gdotogique rot It chaise da Mont Blanc m rapport tree le 
trajet probable d’un tunnel poor ane ttoavclle tigoe de chemin de fer (1881), 
8Wo pb., Turin. 

The Authob. 

Biale, Liojtbl, S.—Protoplasm ; or life, Matter and Mind, 2nd edition (1890), 8v©* 
London. > 

lio. B. LimtitKaa. 

Bibliographic Gdologique et Paldontologiqne de LIMSe <1881), 8ro. pht., Bologna. 

Covojt&s Gmol. Ihtbbhational. 

Blahtobd, H. F. — The Indian Meteorologist's Vade-Mecum. Parts I and IX* with Tablet, 
for the reduction of meteorological observations in India (1877), 8vo., 
Calcutta. 

Mb. B. Lydkxkib. 

Bbonh. — Klaasen and Ordnnngen dee Thier-Beiohs : Band VL, Abth. III. Beptilien, Lief 
22—24 (1881), 8 vo. f Leipzig. 

Bbowhb, Bbvd. G. F.— Ioe Cavee of France and Switzerland (1865), 8vo., London. 

Mb. K. Ltdbkxbb. 

Capacci, D. C.— La Formazione Ofiolitica del Monteferrato Presto Prato (Toscana) (1881), 
8vo. pht., Boma. 

The Authob. 

Capellini, G. — Avanzi di Sqnalodonte nella Mollatsa Marnoea Miooenica del Bolognese 
(1881), 4to. pht., Bologna. 

The Authob. 

Capellini, G.— II Macigno di Porretta e le Boccie a Globigerine dell* Apennino Bolognese 
(1881), 4to pht., Bologna. 

Thb Authob. 

(Umim, a.—Booti di Tapiro nella lignite di Sarzanello (1881), 4to. pit, Bom.. 

Thb Authob. 

Congrba de Bologne.— Inutitut Oartograpliiqne Militaire de Belgique. Procddd Piguratif 
a p p li cab l e aox Carte* Gdologiquei (1881), 8vo/pht, IxeUes-BroxeUea. 

The Institute. 

Congrhs Gdologiqne International. Discours de M. J. Capellini (1881), 8vo. pht., Bologne. 

The Authob. 

OoogrSa Gdologiqne International. 8me Session, Bologne 1881. Diiooure de M. Q. Sell. 
(1881), 8m pht., Bologne. 

Th« Authob. 

CWk Gdologiqne International. Bdflerion* aur la elaerifioation et I. nomenolatnre gdofe- 
giqneaa propoe dee rapport* dee Commiiiiona Internationale*, par J. De 
Ooeeigny (1881), 8ro pht, Troye*. 

Thb authob. 

Dura, Tamm D.— Manual of Mineralogy and Lithology, 3rd edition (1870), 8m, London. 
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Titles cf Books. , Donors. 

Fleming Sandeobd.— The Adoption of a Prime Meridian to be common to all nations. The 
establishment of Standard Meridians for the regulation of time (1881), 8vo. 
pht* London. 

Tai Authob. 

Gerber, Fr.— Elements of the General and Minute Anatomy of Man and the Mammalia (1848), 
8 vo., London. 

Mb. R. Lydekkbb. 

Gloag, Rev. Paton, J.— -The Primeval World (1869), 8vo* Edinburgh. 

Mb. R. Ltdbkkbb. 

Gozzad&ni, J. — Nella Solenne Inaugnrazione del Mnseo Civioo di Bologna fatta il 25 
Bettembre 1881. Discorso, (1881) 8vo. pht* Bologna. 

The Authob. 

Gozzadini, J. — RenBeignements snr nne anoienne ndcropole h Marzabotto prfcs de Bologne 
(1871), 8vo. phi., Bologne, 

The Authob- 

Gbit, Hbnby. — Anatomy, descriptive and surgical, 6th edition (1869), 8vo., London. 

Mb. R. Ltdbkkbb. 

Gbove, W. R.— The Correlation of Physical Forces, 6th edition (1867), 8vo., London. 


Mb. R. Ltdbkkbb. 

Guide h VExposition Gdologique et Paldontologique (1881), 8vo. pht., Bologne. 

Congb&s Geol. International. 
Hall, Jambs.— Natural History of New York, VoL IV, pt. 6, and Vol. V pt. 2 (with plates), 
(1867 and 1879), 4to., Albany. 

The Authob, 

Humphry, G. M.— The Hunterian Oration delivered at the Royal College of Surgeons of 
England on 14th February 18791(1879), 8vo., London. 

Mb. R. Ltdbkkbb. 

Institut de Gdologie et de Paldontologie h Bologne : Guide aux Collections (1881), 8vo. pht., 
Bologne. 

The Institute. 

Issbl, A., and Mazzuolt, L. — Relazione degli studi fatti per nn ritievo dalle masse ofioliti- 
che nella riviera di Lev&nte (Liguria) (1881), 8vo. pht., Roma. 


The Authob* 

Judd, John W.— Volcanoes : what they are and what they teach, 2nd edition (1881), 8vo. 
London. 

Kaup, De. J. J. — Beitrage zur Naheren Eenntniss der Urweltiichen Saugethiere, heft., 1 6 

(1865—1862), 4to., Darmstadt. 

Logan, W. R., and Hunt, T. Btbbry.— Esquisse Gdologique dn Canada (1866), 8vo., Paris. 

Mb. R. Ltdbkkbb. 

Ltdbkkbb, R.— Notes on the Dentition of Rhinoceros (1880), 8vo. pht., Calcutta. 

Thb Authob. 

MoCot, Feedback.— C ontribution to British Paleontology (1864), 8vo* Cambridge. 

Mb. R. Ltdbkkbb. 

Mbnbopxni, G. AND D'Abohiabdi, A.— Nuovi Fosaili Titonici di llonte Prime e di Sanvi- 
eino nelT Appennino Centrale (1879), 8vo. pht., Fisa. 

Tai^rtHGM. 
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Title* of Bock*. Donor*. 

Mom, E. MoA.— Mft'trt of a viait to the Torrent BegfOH* of tha Haatta nd Bum 
•od also to Mount Faron, Toulon (1881), Jbe. Galoatta. 

Bar. in Ann. Dart. 

MomaoTioa, E. V., and-Netkayb, M.— BeitrSge znr Palaontologia vob Ortwreiuh- Ungaro 
and den Angrenzenden Gebieten, Band 1, heft. S (1881), 4io« Wien. 

Notbie Statbtiehe aulla Indnatrb Mineraria in 2Uka dal 1810 al 1880 ( 1881 ), 8*9. pht., 
Boom. 


B. Cobpo mixa Hanaaa. 

Qaaa. Tanna Atoottot.— A n latmdwtioa ta thelobnuof Heat (1889)* 8»o, ImHm* 

■«. B. LroaKna, * 

Pbllati, N.— Etude* ear lu formation* opkbtitiqaaa da T Itaji* (Ml), for* pht* BttOm. 

Taa Aanma, 

Phillips, Jobs.— L ife on the Earth: it* origin and aneautbu (1880), 8 to. London. 

Mb. Unnaa 

Qcehrtbdt, F. A . — Petref actenkunde Dsataehland*, Band VII, Abth. L heft 1, llartrnfnilwi 
heft. 1, (1881), 8 to* Leipzig. 

Badcliffb, C. B.— Dynamics of Nerre and Mnseb (1871), fore, London. 

Ma. ft. Lroantfn. 

Roscob, H. E., ant Sohoblehmbb, C.— A Treatise on Obembtty, Vol. Ill, pt 1 (1881), 

8 vo, London. 

Sobdrlli, F.— Cenno Preventive eal gladmento a Filliti (1881), 8vo. pht., Milano. 

Thb Author. 

Span** Encyclopmdia of the Industrial Arts, Manufactures sad Commercial Products. Divi- 
sion IV (1881), 8vo., London. 

Stoppani, Antoinb — PaldOntolo^ie Lombardo, Livr. 54—67 (1881), 4to, Milan. 

Tyndall, -I ohm. — S ound, 2nd edition (1869), 8vo„ London. 

Mb. R. Lydrkrxr. 


Vabisoo, PboFs Db. A. — Note illustrative della Carta Geologica della Provmcsa di Bergamo 
(1881), 8vo. pht., Bergamo. 

Tbx Author, 


Walxbb, Ed.— T errestrial and Cosmical Magnetism (1866), 8vo. t Cambridge. 

Mb. B. Lydrrkrr. 

Warth, H.' —Notes on the manufacture of Iron and the future of the Charcoal-Iron Industry 
in India (1881), fisc., Calcutta. 


Cohsbbyatob op Forests, 8. C. 
Zzttrl, Earl, A.— Handbuch der Paleeontologie, Band I, Abth II, lief 1 (1881), Svo* 
Munohen. 


PERIODICALS, SERIALS, &o. 

American Journal of Soienoe, 3rd Series, Vol. XXII, Nos. 129—181 (1881), 8vo n New 

Haven. „ 

Thx Editors. 

Annalen der Physik and Cbemie, New Series, Band XIV, heft 1—8 (1881), 8vo« Leipsig. 
Annalea des Mines, 7th Series, Vol. XIX, Livr. 8 (1881), 8vo., Paris. 

Cow. dm Mtnbs. 

A nushs das Soienoss Gdologiqnes, Tome XI, Nos. 8—6, VoL XI, No. & Supple. (1881), 
8vo« Paris. 
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2 HUm qf Books. Damns, 

Annal^m des Sotanees Natursllss, m Series , Zoologie et Paldoutotogie, VoU II, Nos. 8—4 
and Botanique, Yol. XI, Nos. 3-6 (1881) 9 8vo., Paris. 

Annals and Magazine of Natural History, 5th Series, Vol. VIII, Nos. 4 6 — 48 (1881), 8to., 
London. 

Athenaeum, Nos. 2811—2824 (1881), 4to* London. 

BeibUtter zu den Annalen der Physik nnd Chemie,6and V, Nos. 2—11 (1881), 8vo„ Leipzig. 
Bibliothfeque Universelle. Archives des Sciences Physiques et Naturelles, 3me Pdriode, Vol. 
VI, Nos. 7-9 (1881), 8vo„ Genbve. 

Bibllothhqne Universelle et Revue Suisse, 3me Pdriode, Vol. XI, Nos. 32 — 33 (1881), 8vo n 
Lausanne. 

Botanisohes Centralblatt, Band VII, Nos. 9—13, and VIII., Nos. 1 — 9 (1881), 8vot, CasseL 
Chemical News, Vol. XLIV, Nos. 1137 — 1150 (1881), 4to., London. 

Colliery Guardian, Vol. XLII, Nos. 1080 — 1092 (1881) fol., London. 

Das Ausland, Jahrg. LIV, Nos. 36—49 (1881), 4to., Stuttgart 

Geological Magazine, New Series, Decade II, Vol. VIII, Nos. 10—12 (1881), 8vo., Loudon. 
Iron, Vol. XVm, Nos. 452—465 (1881), fol., London. 

Journal de ConchyUologie, 3rd 8eries, Vol. XXI, No. 2 (1881), 8vo n Paris. 

Journal of Science, 3rd Series, Vol. Ill, Nos. 94 — 96 (1881), 8vo. ( London. 

Just, De. Lbop.— B otanischer Jahresberioht. 

Jahrg. VI, Abth. I, heft. 2, and Abth. II, heft. 2. 

Jahrg. VII, Abth. I, heft. 1, and Abth. II, heft. 1 (1881), 8vo. t Berlin. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
Vol. XII, Nos. 75—77 (1881), 8vo„ London. 

Mining Journal with Supplement, Vol. LI, Nos. 2402—2415 (1881), fol., London. 

Naturae Novitates, Nos. 17—23, (1881), 8vo n Berlin. 

Nature. Vol. XXIV, Nos, 619—626, and XXV, Noa. 627—632 (1881), 4to., London. 

Neues Jahrbuch fiir Mineralogie, Geologic und Palmontologie, Jahrg- 1881. Band. II, heft. 3 
(1881), 8vo. f Stuttgart. 

PalsBontographica. Band XXVIU, lief. 2 (1881), 4to., Cassel. 

Petermanns Geographische Mittheilungeu. Band. XXVII, Nos. 10—11 (1881), 4to. f Gotha. 

»» »» »f Supplement No. 66 (1881), 4to., Gotha. 

Professional Papers on Indian Engineering. 2nd Series, Vol. X. Supplemental No. 41 and 
No. 42, (1881), 8vo„ Boorkee. 

' Thomason College op Citil Emoimbbeiho. 

Quarterly Journal of Microscopical Science, New Series, Vol, XXI, No, 84 (1881), Bvo n 
London. 

GOVERNMENT SELECTIONS, Ac. 

Bombay,— Chambbbs. F.— Brief sketch of the Meteorology of the Bombay Presidency in 
1880 (1881); 8vo,, Bombay. 

Meteorological Rbpoetbb, Wbstbrm India. 
Cbntbal Provinces. Mobbis, J, H. — Report on the Administration of the Central 
Provinces for the year 1880-81 (1881), 8vo„ Nagpur. 

Chief Commission!!, Cbntbal Paovnroas. 
India.— Brandis, D. — Suggestions regarding the management of the leased forests of 
Bustfir In the Sutiqj Valley of the Punjab (1881), flso* Simla. 

Hoxi Department* 
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Titles of Book*, ^ - Donors. 

India.— Indian Memoirs, Vol. I, pi 6 (1881), 4*0., Croatia. 

Mbtbobologjcal Rbpoatbb to Gott. op India. 

»» Beport or the ^ministration of the Meteorological Department d the Govarn- 
ment of India in 1880-81 (1881), 4to., Calcutta. 

Mbtrobolo$*oal Rbpobtbb to Gott. op India. 

, 9 Register* of Original Observation* in 1880* reduced end oorrected, November 
1880 to February 1881, (1881), 4to., Calcutta. 

Meteobolooical Rbpobtbb to Gott. op I vma. 

„ Report on the Administration of the Inla nd Customs Department ! or 1878-T^lo 
1880-81 with Appendices (1877 to llfcl ) flsc., AllahaUd and A g^. .1^ 

Commissionib opjIni^nd Co«p6ais. 

„ Selections from the Records of $ie Government of Indie, Foreign Department, 
No. CLXXVII. Report on the Political Administration of the Terrifcoriee 
within the Central India Agency ffcr 1878-80 (1881), 8vo., CWcatta. 

F OBEIGN DBPABTXRtrr* v 

„ Selections from the Records of the Government of India, Foreign Department, 
No. CLXXXI. Report on the Administration of the Persian Gulf Political 
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General 9 ketch of the Geology of the Travancore State —By W. Ku?6, D. So,* 
Deputy Superintendent (Madras), Geological Survey of India. * 1 

My tat season’s work (1880-81) was devoted to a general examination of the 
geology of the southern half of Travancore, and- to a particular study of a small 
area of deposits which have been long known as occurring on the sea-coast, on 
the history of which 1 have written a separate paper (infra). 

The development of the gold industry of Southern India having raised hopes 
of a similar auriferonsness of the mountainous and coffee-planting districts in 
Travancore to that in Waindd, I was, at the very urgent request of the Travan- 
core Government, induced to devote a considerable portion of my time to the 
examination of the region supposed to present the most favourable indications of 
gold-bearing rocks. The result of this was a report on the quartz outcrops of 
Farmand, in which I showed that the supposed reefs are to all appearance beds 
of nearly pure quartz-rock occurring with the other strata of the gneiss series, 
end that, though they locally give the very faintest traoes of gold, there is no 
reason to expect that better results will be obtained. Practically, there are no 
auriferous quartz-reefs, as usually understood, in the area pointed out; neither 
do I expect that suoh will be found of any extent or richness in so much of 
Travancore as I was able to visit. 

The geological examination of the country may be said to have extended over 
mote than half of the territory— in reality, it consisted of various traverses over 
the country between Cape Comorin and the 9° 35^ parallel of north latitude ; but 

I oan generalize as to the lie and character of the very few rock formations over 
the country far to the northward, through visits which I had made in previous 
years in the Coimbatore and Malabar districts, and this season at Cochin, to 
which place I was called in connection with a commission of enquiry on the 
harbours, oonduoted by Colonel E. H. Sankey, C.8., in the hopes of being able to 
elucidate something regarding the well-known tracts of smooth- water off the coast 
at JTarrakal end Poracaud. 

1 See map stitched to the following paper on the Warkilli bed*. 
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The Travancore State, though it has long had a veiy irregular eastern Iron, 
tier, has now been settled as lying practically to the westward of the main water* 
died of the southern portion of the great mountainous back-bone or mid-rib of 
Southern India, which stretches from the low-lying gap of Palghat, below the 
Nilgais, to within some 15 miles of Cape Comorin. Between this Bouthem 
extremity of the mountain land and “The Gape/' as it iB distinctively called, 
there is an outlying hill mass which carries the water-shed rather to the eastward 
of the extreme southern point of India ; but a low rooky spur does terminate the 
an d» and outside of it, or a little to the eastward again and somewhat higher, 
are two rooky islets. 

In the northern part of the country the mountain masB is very broad, hut 
just south of the Parmand parallel (the northern limit of my proper work), the 
hilly back-hone narrows considerably, and becomes a lengthened series of mow er 
less parallel ridges with lower and lower intermediate valleys. These are striking 
with the gneiss, or about west-north-west and east-south-east, there being at the 
same time a line of higher masses and peaks culminating the main ridge, from 
which the ribs run away, as indicated, to the low country. 

The mountain land does not, as may be seen by any good map, run down the 
middle of the peninsula, but keeps to the westward ; so that there is a broad 
stretch of low country on the Madura and Tinnevelly side, while that of Travan- 
core is narrow. Then the mountains drop rather suddenly to the east ; while they 
send long sjtars down to within a comparatively short distance of the western 
coast. There is thus still, in Madura and Tinnevelly, a southerly prolongation 
of the wide plains of the Carnatic, which stretch round by Cape Comorin and join 
the narrower, though rather more elevated, low country of Travancore, Cochin, 
and Malabar. 

This narrower and somewhat higher land of the west coast presents also un- 
mistakable traces of a plateau or terraced character, which is best displayed about 
Trivandrum and northwards past Cochin into the Malabar country. South of 
Trivandrum these marks gradually disappear, the last trace being in the flat up- 
and or plateau bordering the sea-shore at Kolachel. This more etc less even 
surfaced tract of country has an elevation in its most typical parts of 150 to 20Q 
feet above the sea ; and it touches the shore in cliffs or headlands at two or 
three points, particularly at Warkilli, and in the Paupanchery hill south-west of 
Trivandrum. 

To an observer travelling to Trivandrum across the Ariankow pass 'from 
Tinnevelly, the change from the parallel ridges and broken form of the lower 
hilly country to the comparatively smooth downs of Trivandrum is striking ; 
though he would hardly see the generally terraced or plateau character until a 
more extended acquaintance had been made with the country. 

Northwards from Trivandrum, there are narrow strips of Absolutely low 
land, that is on the sea-level, marked by sandy and alluvial flats and long baok- 
waters or lagoons. These widen out northwards from Quilon, until at Allepy 
(Aulapol&y) there is a width of about 12 miles of such formations, with the 
very extensive back-water whieh stretches far past Cochin. 
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• tomtit** we ; first, ahd post prevjOeat and foundation*!, the 

gneiss series; and4>ea on it, Ipt only is a ve*y flmaLhwsy, thq (Jim** beds* 
which we supposed to be of eocene age. These las taro overlapped by the 
WarkilU beds, which certainly appear tp belong to a $feant series, end are 
time perhaps of upper tertiary age; they appear also ta be equivalent to the 
Guddalore sandstones of the Corom a nde l . Finally, there we the repast deposits. 

The gneisses are generally of the massive grey section of the sens# that is, 
they we nearest to the rooks of the Nilgiris, though they differ from ^ep in 
being oowser-grnped or pop largely crystallised, and in being gently 
qnartsose rocks. # 

So qnartsose are they, that there are, locally, frequent thin beds of nearly 
pure quartz-rock which are at times very like reefs of vein-quart*. Often 
these beds are strongly felspathic, the felspar occurring among the quarts in 
distinguishable grains, or larger crystalline masses, giving the rock rather a 
granitio appearance. The only other region where I know of somewhat Mwfiy* 
beds of quartfs-rock occurring with other gneisses, is in the schistose region 
of the NeUore district. There, however, the quarts-rock becomes often a fine, 
compact quartzite ; here, in Travancore, there are no approaches to such compact 
forms. 

The common gneisses are felspathic-quartsose varieties of white or grey 
colours, very largely charged with garnets. A particular form of them is an 
exceedingly tough, hut largely crystallised, dark-grey or greenish felspathic rock. 

Massive hornblendio gneisses are not common. Indeed, hornblende may be 
said to be a comparatively rare constituent of the Travancore gneisses. 

All the gneisses are more or less charged with titaniferous iron in minute 
grains; they are likewise, only more visibly, as a rule, highly gametiferons. 
In fact, one might say that Travancore is essentially a country of garnetiferous 
gneisses. The garnets themselves are only locally obtainable, it being impos- 
sible to break them from the living rock, while they are generally decomposed 
or weathered. They are generally of small size, but are very rich in colour, the 
precious garnet being very oommon. Other minerals, such as red, blue, and 
yellow sapphire and jacinth, are found among the garnet sands so oommon on 
the sea-shore at certain places. The sea sands are also full of titaniferous iron 
grains. While on this subject, I may instance the beautiful and long known 
constitution of the shore sands at Cape Comorin, where, on the beach, may be 
the strongest coloured streaks or ribbons, of good width, of bright scarlet, 
black, purple, yellow, and white sands of all these minerals and the ordinary 
silica. 

As will be seen further on, an enormous quantity of ferruginous matter is 
collected among oertain forms of weathered gneiss and other rooks, the soiree 
of which is hardly accounted for in the apparent sparse distribution of iron in 
the gneisses. After all, however, an immense supply of ferruginous matter must 
result from the weathering of the garnets, when we consider that they are so 
generally prevalent in all the gneisses, and crowdodly so in very many of them# 
•'The general lie of thegneisses is in two or three parallel folds striking west- 
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north-west to east-south-east. There k, perhaps, rather a tendency «!• the 
man to the northward in the broad part of the Mile, about Parmand, and on 
towards the Cochin territory. Thus, between Trivandrum and Tinnev elly on 
the west coast, or for some 12 to 80 miles inland, the dip is Ugh to the south 
smith-west; inland of the terraced or plateau oonntTy, or among the first parallel * 
ridges, there is a north-north-east dip ; then, on the mountain tone, time is again 
a high dip generally to the sonth-sonth-west. Thus the of the beds is 

generally high, right aoroae the strike with a crushed-up condition of the folds ; 
hut they are often at a low angle, and the anticlinal on the western, or the’ 
synclinal on the eastern side, are plainly distinguishable. About 
( ConrtaUum) , on the Tinnevelly side, the rise up from the synclinal is very well 
displayed, and in their strike west-north-westward into the broad 
land, the beds of this place clearly take part in a further great anticlinal which is 
displayed m a great flat arch of the Parmand strata. With this widening ont of 
tiie mountain mass, there is rather an easier lie of the strata. 

Southwards from the Ariaakow traverse just detailed, there is much cr ushin g 
up of the beds ; but they roll out flatter again towards the southern extremity 
and there are good indications of a farther synclinal to the sonth-sonth-west, in 
the northerly low dipping beds of Cape Comorin, 

Foliation is veiy strongly developed: indeed it is here, practically, bedding 
and lamination, of which there are some wonderful exhibitions. At Cape Comorin 
indeed, some of the gneiss in its weathered condition (not lateritized) is soaroelv 
to be distinguished, at first, from good thick-bedded and laminated sandston es 
and flaggy sandstones. 


There is no special development of igneous rocks either in the way of grar 
nites or greenstones, though small veins and dykes are common, generally run 
nmg nearly with the strike of the gneiss. In southern Travauoore, or north of 
the parallel of Trivandrum, there are stronger occurrences of granite, in w hich 
the mica is abundant and in largish musses . 

The great feature about the gneisses in Travancore, and indeed also in 
Cochin and Malabar, is their extraordinary tendency to weather or decompose 
generally into white, yellow, or reddish felspathio clayey rocks, which, in many 
places and often very extensively, ultimately become what k here always called 
latente. The evidenoes of this are, after all, only well seen in the field ; but it 
may be stated here that these are seen principally in the constituent minerals, 
mainly the quarto, being still identifiable in much of the rook-in the laming 
tiou or foliation being also traceable-in the gradual ohange from the massive 
living-rook to the soft and finally hard, scabrous, and vermicular ferruginous 
*75*? called laterite— and in the thin, pale, and poorly ferruginous form 
exhibited by the weathering and alteration of the more felspathio and qnarteoee 

r v Thl ? * lt T ed f0m °f the ^fathered 8T eia » °<»urs over a definite area whieh 
I have kid down approximately m the map. At the same time, the ohange from 
nnweathered gneiss to this belt is not sharp ; for long befofe the eastern 1W». 0 e 
the more generally lateritised belt k reached, approaching it from the tmmtsi* 
zone, the* great change has begun. 
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wUr on the first kAg slopes leading down to the low oountsy, the gm«i— k ~~.. 
to be weatherd tor some depth into a cla y ey mk generally of pale eoionrs, 
stnehed end wiied with ferruginous matter and hewing always so 0p p&tiaMe 
1PP » emhee of scabrous or piaolitie brown-i*» ok?, whioh is, of oeeumt prob- 
»Wy largely the resnlt of ferruginous tesh and, less oe, of ferraginooa V»*Tt i 
tho. Also, the ferruginous tad latwitsed ohaaaoSMP is developed to a *ti*tetn 
extent tnoording to the oemposihio* of the gmmmee t let on the whole, fbsrefe' 
no doubt that the opper snifaee generally over large anas is leteritiaed to tf 
certain depth, irreapectiTe of the varying constitution of the strata. 

Then, aa the rocks an followed, or o eose ed , w est w a r d , the altera tion fr rrrrm 1 1 
more frequent, decided, and deeper seated ; though still, all ever the SeU, riigee, 
humps, and bosses of the tiring rook rise *p front the surrounding a o» or kn 
decomposed low-lying rock areas. 

This generally irregular and fitfully altered condition of the flnnfrtnrs 'be g i n s 
at an elevation of sbout 400 feet above the sea, and thus it extends as a soft of 
fringe of varying width along the lower slopes of the mountains. 

At a yet lower level, say from 200 to 150 feet, and so nearer the sea coast, 
there is a better defined belt of more decidedly laieritfeed form of weathered 
gneiss, in which the unaltered Took occurs less frequently, end then always in 
more or less flatly rounded humps and masses, which never rise above a general 
dead level. This belt is, in filet, a country of undulating downs (where free from 
thick and lofty jungle), or tolerably uniform level stretohes of forest land. Occa- 
sionally, it also shows a plateau surface, or it is broken into small and low 
topped hills. Always it is very deeply indented by river and stream valleys, 
or even by some of the back-waters which have high and steep shores. 

Farther northwards, the plateau character of the lateritic gneiss belt is very 
well developed in Malabar. 

It is remarkable of this coastal belt of country that its laterite (an altered, 
or ferruginously infiltrated condition of weathered or decomposed gneiss) is not 
to be distinguished from any other laterite, except that which is made np of 
obviously detrital material. 

Whatever the laterite of Tra van core or Malabar may have been originally, 
it is aa useless form of the rook, being crumbly and soft as a general rule, and 
oftener of a red colour than brown. The character of the climate does, in fact, 
appear to militate against the changing of the red peroxide of iron in the lock, 
to the brown peroxide, during which change the proper cementing and hardening 
of the sound rook, such as that on the east coast or ia the Deccan, is evidently 
brought about. 

The next succeeding rock formations, namely, the Quilon and Warlrilli beds, 
o cow as a very small patch on the coast between the Quilon and Anjeago baok- 
Watars. 

The Quilon beds are only known through the researches of the late General 
0 alien, who found them oropping out at the base of the low laterite cliffs edg- 
ing the back-water of that place, and again in wells which he had dug or deepened 
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forth* purpose. I was myself not able to find a trace, of them. Thsy ate 
said to be argillaceous limestones, or a kind of dolomite) m which a marine fao&a 
of univalve shells, having an eooene fades, was found; and they oooor at about 
4/0 feet below the laterite of Qnilon, whioh Is really the npper part of the next 
group. a 

The WarkilK beds, on the other hahd, an dearly seen in the dills edging 
the sea-shore some 12 miles south of Qnilon, where they attain a thickness of 
hbout 180 feet, and have the following succession in descending order:— 

Laterite (with sandstone masses). 

Sandy clays (or lithomarge). 

Bandy clays (with sandstone bands). 

Alum clays. 

Lignite beds (with logs of woods &o.). 

The bottom lignite beds rest on loose white sand ; and nothing is known of 
any lower Btrata. 

It will be seen how this set of strata has an upper portion, or capping of late- 
rite, which is however clearly detrital. On the landward edge of the field of those 
W&rkilli beds, there is in places only a thin skin, representative of these upper 
beds, of lateritic grits and sandstones lying directly on the gneiss, which is itself 
also lateritized; and it is very hard, as may be supposed, to distinguish the 
boundary between the two, nnless the detrital character of the former deposits is 
well displayed. Thus, the tipper part of the formation has overlapped the gneiss. 
It is also this npper portion whioh overlies the Qnilon beds, which are also appa. 
rently overlapped. 

These Warkili beds constitute, for so much of the coast, the seaward edge 
of the plateau or terraced country above described, and they present similar 
features. The Warkilli downs are a feature of the country — bare, grass-grown 
long flat undulations of laterite, with, about Warkilli itself, small plateau hills 
forming the higher ground — 180 to 200 feet above the sea. These downs too 
and the small plateaus or flat- topped hills, are partly of the Warkilli laterite and 
partly of the latoritoid gneiss. 

Whatever form of denudation may have produced the now much worn terrace 
of the gneissio portion of the country, the same also determined the general 
surface of the Warkilli beds. Indeed, it gradually dawned on me while survey- 
ing this country, having the remembrance of what I had seen of the plateaus and 
terraced low-land in Malabar in previous years, that here, clearly, on this western 
side of India is an old marine terrace, which must be of later date than the 
Warkilli beds. 

These are, as I have endeavoured to show in another paper, of probably 
upper tertiary age, and equivalent of the Cuddalore sandstones of the Coro- 
mandel. Hence this terrace must be late tertiary or poBt-pliocene, and it mgri r s, 
like the long stretohes of laterite and sandstones on the eastern side of the 
country, the last great or decided elevation of Southern India, prior to which, 
as is very probable, the Indian land rose almost directly from the sea by its 
Western Ghkts and had an eastern shore line which is now indicated Very well 
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the mmr ***** of the Tanjore, South Aftrtt, Madras, Nellore, and Godavari 
belts of latirite anJoandstone. •«.*.. . 

Mr. Foote has already generalised in tide way for tlm eastern side of Southerns 
India in partionlar; bat I think he nudes the elevation too great, inducting, as 
be does in his laterite deposits, patches of lateritised gravels and rook masses 
rangingnp to a height of 500 feet at least, which are not so definitely part end 
parcel of the proper coastal developments. 

The plateau form of Ida Coromandel areas has often already been ornamented 
on ; bnt their connection with a terraced form of marine denudation is mote 
clearly brought oat, now that the evident conformation of the Xravaneore end 
Malabar low-land is ascertained. 

The somewhat different level of ihe surfaces oBhese plateau lands on each side 
of the peninsula is also interesting in so far as there is an evident general very 
slight inclination of the whole to the south-eastward. 

One more very small patch of variegated sandstones, but associated with 
scarcely any laterite, occurs in the Travanoore country at Kagarooil, about 
12 miles north of Cape Comorin. I should certainly take this to be representative of 
the Cuddalore sandstones, so long as no positive evidence to the contrary turns 
up ; and it may be the nearest connecting link between these rocks on the eastern 
coast and the Warkilli beds. 

The jeoent deposits are the usual blown-sands and alluvial deposits of the 
low fiats along the coast ; an exceptional form occurs at Cape Comorin in the 
shape of a hard calcareous sandstone, which is crowded with true fossils and oasts 
of the living Helix vitata, It appears to be simply a blown-sand, modified 
through the infiltration of calcareous waters. Loose blown sands are heaped 
over it now in places, among which are again thousands and thousands of the 
dead shells of the past season. The examination of this deposit has, however, 
been left to Mr. Foote, who has likewise reserved for his study other remarkable 
f ossiliferous rocks of very late age which occur in this neighbourhood. 


The Warkilli Beds and reported associated deposits at Quilon, tn Travanoore, by 
William Kino, D.Sc., Deputy Superintendent (Madras), Geological Survey 
of India (with a map). 

The rocks to be treated of in this paper are some lateritio sandstones, alum 
clays, and lignite beds, and other f ossiliferous strata, which occur in the following 
order of succession : — , 

The Warkilli 1 Beds : apparently equivalent to the Ouddalore sandstones of the 

survey nomenclature. 

The Quilon Bede: reported as having yielded fossils of presumably warns 
age, and only known through the researches of the late General Cullen. 

The Travanoore low country, that is, so much of the western coast of 
southern Trdif s &s extends from Cape Comorin to within a short distance of 

i Otherwise Wur-kullay or Varkslqb 
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Cochin, iaelightty elevated and broken into low hill* end ill-dribod terrmood 
lend j time* differing very strongly from the far-stretohing ptadns of the Conwtie, 
which touch the sea merely by a low bank of sand*hflk to nearly as far north a* 
Visagapat&m. At the same time, there is a narrow strip of the northern portion 
of Travancore which is just on the sea-level, and marked by a chain of extensive 
and lengthened back- water! or lagoons, the canal communication between which 
has, until lately, been barred by one small range of low bills between Cochin 
and Trivandrum. This barrier is the most important of the few approaches of 
the low terraced npland close on to the sea-shore ; and it presents — looking at the 
absence of such features along the Coromandel, or their rarity aldng the west 
coast, the remarkable line of low and beautifully coloured cliffs of Warkilli. 
This barrier has now, however, been tunnelled so as to allow of complete and 
unbroken water communication, by which chance fresher sections— -though unfor- 
tunately not deeper — were displayed of the rooks already so long exposed in 
the cliffs. 

1 believe the first idea of thus opening up a complete system of water com- 
munication may be attributed to the late General Cullen, then British Besident 
of Travancore ; at any rate, he it was who first drew attention to the geology of 
this Warkilli barrier, and the occurrence of similar deposits near Quilou. Gene- 
ral Cullen did not, it is to be regretted, publish any of his experiences, but he 
forwarded collections to Bombay, and communicated his observations to Mr. 
H. J. Carter, then Assistant Surgeon on the Bombay establishment, who embodied 
them in his well-known “ Geological Papers on Western India.” The previous 
literature is therefore, as far as is known, these writings of Mr. Carter; and his 
conclusions on the occurrence of these rocks, and the fossils said to have been 
obtained from them, were that they are preferably of eocene age. The following 
extracts from Mr. Carter’s work (Z. c. p. 741) give the information afforded by 
General Cullen, beginning with that for Warkilli itself : — 

“ The laterite and lignite cliffs of Varkalay, which are also near Qnilon, that is, about 
12 or 14 miles south, extend along the coast about 6 miles, varying in altitude 
from 40 to 60 feet. Below the laterite is a series of very beautifully variegated coloured 
sands and clays, and below them again the carbonaceous clays or shales and lignites. At 
the north end of the cliffs, where they are only 80 feet high, the lignite bed is level with the 
beach; but to the south, where the cliffs attain an altitude of 140 feet, there Appear to be 
three or four successive deposits of lignite, each of which is from 4 to 6 or 8 feet 
thick. To ascertain, also, if this lignite bed extended inland, I sank a well 20 feet in 
diameter, at a distance of about 100 yards from the cliff ; and, after passing through 22 feet 
of laterite only (because the well was here sunk in a hollow), came to the lignite clays. 
I then sunk a small well, about 5 feet in diameter, on one side of the large one, to deter- 
mine the thickness of the lignite bed, which was penetrated after 7 feet, meeting then* 
with a bed of loose, white sand, from which the water immediately sprung up so rapidly as 
to oblige the people to leave off working, I have not found any traces of organic remains 
in these cliffs, nor any traoes of limestone. The carbonaceous lignite beds abound with resin 
' and bon pyrites (white), both, in lumps of considerable size. I have a lump of resin 10 
inches in diameter. 

' “The variegated coloured sands that I have spoken of as lying between tbe laterite and. 
lignite beds, are exceedingly beautiful— at least fifteen different and perfectly distinct tints* 
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It lias etroagljtmr *aded me of what I have often beard, bnt never seen, except in geological 
drawings, **» Me ssrifcta of Alum Bay in the Isle Of flight* 

The next place bf examination was near Quilbn ; and it may as well be stated 
here at once, that X bare myself only been able to carry on the uppermost mem- 
ber alone of the Warkilli beds so far north. It will be seen by the next extract 
(1. c. p. 740) that General Cullen was more successful in so far as he found other 
very important rocks, which were also fossiliferons. 

44 The first well I opened was on a Uteri te cliff or point, 4 or 5 miles north-east of 
the town of Quilon. Having observed some yellowish slabs of dolomite [argillaceous lime- 
stone P] at the base of the oliff or strand of the back-water, which there suddenly deepens to 
40 feet, and therefore prevented my tracing it farther downwards, I laid open several 
feet of the faoe of the oliff, and, still finding the dolomite slabs apparently passing under it, 
I then went above, for about 100 feet inland, and there sunk a Urge well, and met with the 
dolomite at the depth of about 88 feet. 

“ I then ascertained that the dolomite appeared everywhere to prevail below the laterite 
round Quilon, at a depth of about 40 feet from the surface. 

“ This was determined by the examination of wells in different localities, aud by further 
sinking several which had not been carried down to that depth, 

" 1 think there was a loose rubbly bed or stratum, of exactly the same composition as the 
compact limestone both above and below the slabs, and in which the greater number of the 
organic remains were found ; but the limestone itself (though extremely hard and tough) 
also contained numerous specimens in the most perfect state of preservation. 

“ The limestoue is of a bluish-grey inside, but externally, where exposed to the weather, 
of a dull yellowish colour.'* 

Xhis is all that is given of General Cullen's own descriptions ; bnt Mr. Carter 
subsequently, in his notes, states that further information was furnished in one 
way or other about these Quilon deposits. Thus ( l . c., p. 741) — 

“The specimens of limestone, too, which General Cullen formerly presented to the Society 
through Dr. Buist, not only bear the colour of the clay, hut, with its imbedded tertiary 
shells, also contain portions of lignite indicating its intimate connection with it." 

Again, in his discussion of the fossiliferons evidence of the tertiary deposits of 
Western India, Mr. Carter writes (1. c., p. 743) : — 

11 In this structure it will be Been that they resemble Orbitolitec Malabarica , H. J. C. 
(Ann. and Mag. Nat. Hist., 2nd Ser., XI, p. 425, 1853), of the blue, clayey, argillaceous, 
limestone of the coast of Travancore 1 # • 

3 On reference to this paper, I find that the locality of Orbitolites is moved further north, 
thus: " Locality — Abounding in an impure, bluish-green limestone (of the Pleiocene of [«ej 
formations), about 80 feet beneath the surface at Cochin on the Malabar coast, the shells of which, 
though deprived of their animal matter, are still white and pulverulent, or semi -crystalline," 
Mr. Carter, who is now residing in England, has very kindly allowed me to communicate with him 
on the subject of these Travancore fossils, and as regards this variation in locality, writes (7th 
November 1881) : — “As regards the discrepancy in locality evidenced in my account of OrbitoliU* 
malabarica. It should be known that the specimens bearing this JPbram. came into my hands 
while I was Conservator of the little museum of the Bombay Asiatic Society, as you may see by 
the extract, through the late Dr. Buist This was some time before I began to correspond with 
General Cullen, and therefore long before I knew anything of the Quilon and Verkallay deposits ; so 
it is not improbable ..that they, the specimens, were labelled “ Cochin." At all events it is a mistake, 
for which I can offer no other explanation." 


fl 
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And at page 744 

“Lastly comes the argillaceous limestone of the Malabar coast, not only abundantly 
charged with the Orbitolite just mentioned, but these again in company with StroOdme 
JFbrtUi, together with Cerithium rude , Banella byft> t Ckueie eculpta, Vbfutajugoea, Come 
catenulalu* , and C. marginal** (Grant, Geol. Cutch, Ter t Foss.) ; also Natica, Turbo* 
JPleurotoma, Faeciolaria, Murex, Cancellaria , Ancillaria, and Cgprea* all (new species P) 
closely allied in form to the figured shells of the eocene period. The orbitolite differs ray 
little, except in size, from Orbiculina angulata, Lam. (Eocydop. Mdthodique, pi. 468, fig. 8), 
from which I infer that the latter should also.be included among Orbitolite*, Lamarck/' 

I hare given the above extracts here, because they go far to show that these 
fossils, or some of them, are those which were forwarded by General Cullen as 
having been procured from tbe beds underlying tbe Quilon iaterite. 

General Cullen's description of the occurrence of this “ dolomite ” and its 
fossiliferousness is bo circumstantial that we must, until better negative evidence 
than that afforded by my unsuccessful search can be obtained, perforce believe 
*tbat tbe rook and tbe fossils exist as described ; hence, I will so consider this 
deposit in its relations with the Warkilli rocks. 

Tbe Warkilli beds consist of a series of sands and days capped by Iaterite, 
giving the range of cliffs touching on the sea-shore. The highest part of the 
sea-face is at the southern end, between Warkilli village and Naddangdndi 
(Neddungunday), on tbe Anjengo back-water. Northwards the high ground 
runs down with the dip of the rocks, which is very gentle to the north, and thus 
the range of cliffs soon ceases in that direction until only a low scarped edge of 
rocks meets the sea at the Parravur 1 (Purra-nr) back-water. Tbence, in the 
same direction, representative strata of tbe capping beds show only at some 
distance inland until Quilon is reached, where such rooks approach the shore and 
form at Tangacheri (Tungnmshery) point a very low scarped headland, beyond 
which out in the sea are barrier reefs of the same rock. 

It is not very easy to give the exact limits of the area of the Warkilli rocks, 
owing to the confusing way in which that peculiar form of rook alteration which 
gives rise to Iaterite,® or a rock resembling Iaterite, is developed, not only io these 
deposits themselveB, but in tbe crystalline rocks or gneisses on which they lie 
and in the superficial rain* wash and debris covering both. Indeed, an ordinary 

3 A peculiarity of tbe Travancore topography is that there are few well-marked assemblages 
of dwellings answering to the Tillages of the eastern side of South India. The names given in the 
map apply rather to town lands, the cottages or farms being scattered and independent. 

* The origin of Iaterite being still unsettled, it is as well that no opportunity should be neg- 
lected for keeping certain points in the investigation well to the fore. Only lately, I see that my 
colleague, Mr. F. E. Mallet, in his paper * On the ferruginous beds associated with the Hmlftfo 
rocks of North-Eastern Ulster, in relation to Indian Iaterite” (Records Geol. Sure, of Ind., 
XIV, p. 148) writes with reference to a generalisation of Mr. W. J. McGee of -Farley, Iowa, U. 
8. A.: — "But that Iaterite is a product of the alteration in *Uu of the underlying rooks is a 
view open to serious objections, which has been fully discussed by Mr. Blanford.” Now this is 
striking at actual facts, against which no local or theoretical objections can be take n into considera- 
tion; for,— to put it plainly, and as long as we are unable to define strictly what and What 
•ball not be catted Iaterite among tbe strange ferruginous rocks which go by tH t flame, certain 
forms of this rock are actually and reftlly an altered condition of the rock in eitu. Such is the esse 
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observer w^plu h& j p that not only fcre the Warkilli downs composed of laterite^ 
but that the &P*ter part of the country far inland also Consists of the same rook. 
Practically, there are thus three forms of rook here and in the neighbourhood 
which usually go by the name of laterite 

1. Superficial ferruginously cemented debris. 

2. The ferruginous, clayey, reddish or brown coloured, irregularly vesicular 

and vermiform scabrous rock forming the uppermost portion of the 
Warkilli beds, which is unmis t ak a bly detrital, and which I will call 
latent* in this paper. 

3. The altered form of decomposed gneiss (called * kabnk ’ in Ceylon), 

which I shall here write of as Udvritized gneiss. This form always 
eventually shows traces of original crystalline structure and consti- 
tution. 

Owing, then, to similarity of appearance and general ferruginous infiltration 
of these different rocks, it may be conceived bow difficult it is to give dose 
boundaries to the Warkilli beds. There is little trouble about their southern 
limit; but the eastern boundary is badly defined, it may range a short distance 
east or west of the line given in the annexed map, and particularly it may bo 
much more sinuous than I have shown, and there may be a few insignificant out - 
liers. About Quilon, I am exceedingly doubtful as to whether a good deal of 
lateritized gneiss may not be included in my field : thus it would be no easy task 
for me to persuade any one who had not had great experience of the behaviour 
of lateritio metamorphosis, that all the lateritic cliffs edging the Quilon back- 
water are not just as much laterite as those of the portion laid down on the map. 

With these qualifications, the Warkilli rocks form a lenticular patch for about 
22 miles along the coast, with a breadth, in the middle of the field, of about 5 
miles ; laterite alone at the Quilon end, and — by their gentle hade up to the 
south— 'laterite with underlying beds to a thickness of about 180 feet at the 
Anjengo end. 

The series, as displayed in the cliffs at this end, is in descending order— 

Feet. 

Jjfterite . — Ferruginous clays and sandy clays, in which are occasional, ill-defined 
masses and bands of coarse sandstone and incoherent sand, more or lose 
vesicular, with irregular hollows and pipe-like or vermiform passages (dis- 
continuous), very many of which are fillod with white and pinkish fine 
day i brown coloured, shading downwards to red, white, and yellow 
mottled; banded. Any bedding which may have existed is now much 
obliterated, and the upper brown band, which is more properly laterite, is 

not recognisable as a separate bed or capping ... ••• 80 to 40 

in Travancore, Malabar, and Ceylon, where I have over and over again traced the laterite (as it is 
in Travancore) or the 'kabok* (the Singalese synonym) into the living gneiss rook. I 
have held this view of what may be called the lateritiiation of gneiss with Mr. B. Bruce Foote . 
(my colleague In Madras) for the last 20 years : our conclusions having been based on observations 
on the KUgiris, Shevaroys, and other elevated regions in the Kumool and Cnddapah districts; and 
mj enlar ged experience of the western coast and Ceylon have only confirmed it. Our experience 
of the P m* " laterite* is not so extended, but we are agreed also that some of these must be 
products of alteration of the rock in titn. 
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Feat. 


Sand* and sandy clays, — Rod. fellow, white, end pnrple verie^&ted Bendy oleye, 
with rather more distinct bands and masses of sandstone. Mottled in colour, 
bat not so vesicular as the rook above, though still marbled with vermi- 
form runs of fluer day (lithomarge of some writers). ... about 40 

Pole md and white variegated and laminated sandy clays ... 10 

Alum Clay *. — Dark -coloured purple grey, compact clays with thin, scarcely 
appreciable, laminee of iron pyrites, giving bright yellow alum efflor- 
escence 6 

Various coloured alum clays and sands ; dark grey and buff at the bottom 

and yellow towards tbe top BO 


Lignite bed *. — An incoherent sandy bed of varying thickness, much laminated 
with brown loamy and clayey material, in which are many lumpe and 
even logs of wood in various conditions of preservation. The wood is 
mostly blackened, and much in the condition of the * bog-oak * of the 

Irish peat bogs 2 to 10 

Dark, nearly black, clay ; often rather peaty, or having patches of flne black 
vegetable matter, with particles and small masses of iron pyrites; con- 
taining, here and there, big logs of spongy, rotten, and, as it were, charred 
wood, and lumps of coarse resin ...... about 6 

Loose sand *.— Coarse and white-coloured ; only a few inches exposed. 

Thus, for the sea-cliffs, the section is in general tonns : — 


, Feet. 

Latent© . . 80 to 40 

Bands and sandy clays, or lithomarge .... 68 

Alum clays 25 

Lignite beds . 7 to 16 

Sands 


Total . 120 188 


Strong springs of clear fresh water issue at several points along the base of 
the cliffs from above the alum clay band. These are supposed to possess cura- 
tive properties, and are accordingly of frequent resort. 

The sections exposed in the cuttings and tunnelling of the barrier, which lio 
from a few hundred yards to half a mile inland, give a thickness of 30 to 70 foot 
for the laterite. This shades down into red, yellow, and whitish clayey sand* 
stones, which are generally soft and wet, though at times hardened in bands and 
patches, and which have a variable thickness of from 40 to 90 feet owing to a wavy 
and uneven bottom. The alum elays are beautifully exposed in good beds, and 
for a long time they presented a fine display of colours— reds, blues, and greys, 
with strong bright yollow efflorescence, which have now, however, become blurred 
through exposure. In their lower sandy portion there is a good deal of wood. 
The thickness of the alum beds is about 20 feet. The proper lignite seam has 
about the same thickness as on the shore j but as the base of the tunnel does not 
run below them, there is no knowledge of the subjacent rock. 

The outer and inner sections are thus substantially the same,— the differences 
being that the beds below tbe laterite, in the cuttings, are rather clayey sand- 
stones than sandy clays ; while logs of wood are found in the alum elays also. 
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An these bt m followed northwards along the shore, the dip gradually 
carries the lignite hand below the beach, which is next bordered, for some 
hundred yards, by tho alum olays, the upper edge of v?hioh is marked by the 
bamboo spouts let in pbove them at convenient places for carrying off the water 
of tho sacred springs . 1 * * * * * * Then the clays, in their turn, ran under along flat 'beach, 
over which the water of the springs now flows directly, and about a quarter of a 
mile further on, the lowering cliffs are simply of the laterite, which rock finally 
ceases to show on the shore near Purravur. 

The Warkilli capping is, however, continued inland in a north-eastward direc- 
tion to the narrowing of the Purravur lagoon at Mailak&d (Mylaked), but hem 
all that exists of it is a very thin skin of coarse ferruginous grits and sandstones, 
which is lying directly on weathered and lateritised gneiss, the lower portions 
having thus been overlapped. Hence, if the olays, Ac., are continued northward, 
they must lie deep under the lagoon and the sea. 

From Mailak&d other sandstone outcrops, associated with l&terite, are trace, 
able up to Quilon, under which place it might naturally be expected that either 
some trace of the Warkilli beds should be found, or that tho laterite should 
overlie the gneisB directly. The only deposits, however, which I could find 
differing from the prevalent laterite, or its underlying lithomarge (common at 
the base of the low cliffs edging the back-water) is a loose, very coarse, yellow 
sand, occurring in a dried-up stream bed, or wide ditch, near the mosque between 
tho civil town and tho parade-ground, which is like some of the loose sands 
below the laterite band at Warkilli. I saw no limestone 8 or other calcareous rock 
answering to that described so circumstantially by General Cullen as cropping out 
at tho base of the low cliffs north-east of Quilon. 

Only representatives therefore of the upper portions of the Warkilli beds 

1 Tho water seam supplying the springs on the sea-shore was tapped by tho tunnel operations, 

and there was a slight temporary decrease in the discharge. The leaking of the water in the 

tunnels and at the cuttings over the freshly opened alum clays, and the mixture of ferruginous 

wash from above, thus gave rise to considerable surmise as to tho existence of natural chalybreato 

and other waters. Such are, however, only produced temporarily, though they will be collecting for 
a long time, and they might be found efficacious in some cases of the skin diseases so common on 

this coast. 

* This reported occurrence of limestone and fossils by General Cullen is one of the strangest 

incidents of recorded observation which has taken place in India; for his account of it, and of 
his reasons for concluding that such a deposit underlies tho Qnilon laterite, is so clear that one 
can hardly suppose him to be toUtaken ; and yet there is no other evidence of its occurrence 
t han the general statement as given by Dr. Carter* Not only have 1 not been able to find it, ox 
the least trace of any calcareous debris— itself a very strange thing when we recollect that wells had 
been sunk inland-— but the same disappointment had been already experienced by the District 
Engineer* Mr. Horsley, who is perfectly capable of distinguishing a calcareous rock, and, under the 
very urgent requirement of the works at Quilon for mortar, most diligent search for this argilla- 
ceous l im e s t one or dolomite had been made. 1 believe, also, that Mr. Horseley had the advantage of 
employing the only guide left in a servant at the Residency, who need to accompany General Cullen 
in his excursions, and to work for him* This man, unfortunately for me, was at the time of my 
visit paralysed in his speech through continuod fever and rheumatism, or other ailments, and unable 
to be moved. 
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oocur at Quilon resting upon and apparently overlapping a set of fosailiferoui 
beds only known through the researches of General Cullen. 

The Warkilli strata are clearly of fresh-water or lagoon origin, being in fact 
very much after the style of the deposits now being laid down in parts of the 
present back-waters into which, at flood times, a great deal of drift wood and 
decaying vegetable matter is being carried along with silt days and sands and 
ferruginous matter. 

The fossiliferous argillaceous limestones under the laterite at Quilon are 
apparently very thin ; and as the fossils described as having been obtained from 
them constitute an essentially marine fauna, they can hardly be considered 
otherwise than as belonging to a separate and somewhat older group than that 
which has thinned out over them. Each of them may be groups of a series or of 
a formation, or they may not; but the important feature is that they are 
separate groups ; and thus I would differentiate the Quilon beds. 

Reference to the “ Geological Papers on Western India” already quoted will 
show bow the whole series of Travancore deposits has been correlated with very 
similar deposits on other parts of the coasts of the Peninsula; as on this side 
going northwards, at Ratnagiri, Bombay, Broach, Kattiwar, Cutch, and SinS, 
and, on the other side, through the sandstones and laterite of the Coromandel, 
and the fossiliferous intertrappeau beds near Rajahmundry. This correlation 
went too far, however, partly through this separate grouping not being known, 
and by a very natural straining at the comparison of a series of laterite and fossili- 
ferous beds with the lateritic beds and limestones of Rajahmundry, which last 
now appear to be most reasonably of upper cretaceous age 1 : while the fossiliferous 
beds of Bombay northwards are of tertiary age. 

Mr. Carter’s correlation of the Quilon fossils with those of the Kattiwar, 
Cutch, and Sind beds, still stands, however, and be thus makes them, out to be 
preferably of eocene age. 

The Warkilli beds must then be either of the same age, or, if different con- 
ditions of deposition and apparent overlap go for anything, of perhaps a later 
tertiary age. 

The evidence given by the wood at the base of the alum clays and in the 
lignite seam, is of little significance considering that perfectly fossilised wood 
occurs in the older alluvial deposits of the GodAvari valley, which certainly 
appear to be for later deposits than these ; though the very unaltered condition 
of the logs implies that they must be much" newer than those containing the 
perfectly bleached and dull shells said to have been obtained from the Quilon 
diggings. To all appearance, indeed, this wood is very like the black-wood 
now growing in the Travancore forests ; and it is so unaltered in good specimens 
that large pieces of furniture have been made from it which are scarcely dis- 
tinguishable from that made out of the modern timber. 

Again, taking up the original generalisation of Carter and other observers, 
but leaving the intertrappean beds of Rajahmundry out of count, there does not 

1 See Memoirs Geological Surrey of India, XYI, pt. 8, and Manual of the Geology of India, 
Chapters XIII A XIV. 
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appear, so f ar in vet known, to be any representative of the Quilon beds on the 
Coromandel, at tfrasi to far south an Madura. On the other hand, there is a 
strong lithological likeness between the upper portion of the Warkilli beds and 
the upper portion of the Ouddalore sandstones as at Vellum, in Tanjore, in the 
Bed Hills of Pondicherry and Madras, and in the NeUore and Godivari districts; 
while they are all similarly situated as low-lying or not veiy elevated fringes 
bordering the sea-ooaust. There is also a possible link to this chain of coastal 
deposits on either side of India, in a small patch of red and variegated sand- 
stones, with, however, very little show of laterite at Nagercoil, about 18 miles 
north of Cape Comorin. 

Irrespective, however, of any argument from the association of the Warkilli 
laterite and sands with fossilifsrous limestone having eooene affinities, a gene, 
rally tertiary age has been given by us to the Ouddalore sandstones, through 
their discordant lie on the cretaceous rooks in South Aroot and ou the traps and 
intertrappean beds of Bajahmundry. Hence, on the ground of Uthologioal like - 
ness, similarity of position, and, as far as it goes, general approximation of age, 
it may be assumed that the long supposed oontemporaniety of the coastal laterite 
and sandstones is now fairly made out. Thus, as they are so continuously deve- 
loped over large areas and occur in detached positions over so lengthened a coast 
line, Without apparently being accompanied by or associated with these strange 
Quilon rooks, except in this one locality, they are indeed strongly separable from 
the latter and thus presumably of much later, or even upper, tertiary age. 

I have had opportunities in previous years, and this season again, of examin- 
ing the West Coast for some considerable distance further north, past Cochin 
and on to a few miles beyond Calicut ; but so far there is no further representa- 
tive of the WarkilU beds in particular, or the Ouddalore sandstones in general. 
It is quite true, however, that there are very extensive tracts of what is called 
laterite, as well as a remarkable terraced and plateau form presented by many of 
the low hills of these tracts. My examination of these showed, however, that all 
this lateritic country is merely one of a decomposed form of gneiss, and that 
the capped character of the plateaus in the neighbourhood of Beypur and 
Calicut, for instance, is due to the denudation of an originally planed-down 
terrace of gneiss into detached plateaus, the upper surfaces of which are altered 
and lateritized to a certain depth. 

There may be detached patches of the Warkilli beds north of Calicut as yet 
unknown, but the first occurrence of rocks resembling them, of which theta is 


any reoord, is in the neighbourhood of Ratnagiri, of whioh the following section 
is given byDr.de Crespigny (1856) — 

" Soil and dotrital conglomerate (a few feet). 

Laterite (soft below) • . • 85 ft. 

Compact iron stone 1| „ 

Lignite * 

Blue day J 87 " 

Water, yellow gravel 
Trap.” 


1 Carter’s Papers, op. eit, p 782, foot note. 
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Mr* 0. J. Wilkinson, when attached to the Survey (in 1863), visited this part 
of the oountry, and thus describes 1 * the occurrence of these rooks :—*» * 

w A.t Ratnagherry, &c. f in well and other sections, the trap is found to he overlaid by a 
thickness of a few feet of white day, imbedding fruits and containing thin carbonaceous 
seams composed for the most part of leaves. This is separated from the soft latent* above by 
a ferruginous band about an inch thick, having much the appearance of haematite. It is 
vesicular, the cavities beiiig filled by quarts &c. The soft laterite soil above hardens on expo- 
sure, and this rapidly. It is very thick here and along the sea coast, trap only becoming 
exposed in the deep sections and at the base of the oliffs,” 

It cannot, I think, bo doubted that here is a true representative of the 
Warkilli beds ; and as the traps on which the rocks lie are generally flat, it is 
l not to be expected that any representative of the Quilon beds shall be found. 


Note on some Siwalik and Narbada Fossils by R. Lydekkeb, B.A., F.Z.S., 
Geological Survey of India . 

1. The Narbada Hippopotamus, 

In Falconer and Cautley’s groat work on the fossils of the Siwaliks, there are 
figured numerous remains of hippopotami from the pleistocene deposits o$ the 
Narbada valley. Among these remains all are referred to a species named Hip- 
popotamus paloeindicus, with the exception of four lower jaws,® which are referred 
to a second species under the name of H. namadicus. Unfortunately neither of 
these species was ever described, so we are compelled to rely upon Falconer’s 
figures and occasional notes. It is stated 8 that H, palceindicus is allied to the 
living African hippopotamus, but is distinguished by the median pair of incisors 
being slightly smaller than the outer; the reverse being very markedly the case 
in the living species. This species had only two pairs of lower incisors, and was 
accordingly referred to Falconer’s sub-genus Tetraprotodon. These teeth are of 
large size. 

In H. namadicus , which, as already said, is known only by the lower jaw, 
there are always six incisors, which in some specimens (F. A. S., pi. LYIII, 
figs. 1, 3,) are sub-equal in size, and placed in the same horizontal line ; while 
iu others ( Ibid , pi. LVII, fig. 12; JiVTII, fig. 2), the second pair of incisors is 
rather smaller than the others, and thrust somewhat above their line. All the 
incisors of this form are smaller than those of the tetraprotodont form. 

If no other specimens than those figured in the “ Fauna Antiqua Sivalensis” 
were in existence, I should have little, if any, doubt as to there being two species 
of Narbada hippopotami. There are, however, two specimens of the mandibles 
of hippopotami in tho Indian Museum, from the Narbada deposits, which lead' 
me to have very grave doubts on this subject. 

The first of these speoimons (F. 147) has three pairs of incisors oflsub-equal 
size, and must therefore be referred to Falconer’s H. namadicus. The second 


1 Records G % S. of Ind., IV, p, 44. 

• “Pal. Mem" Vol I, pp 21, 147, 497. 


8 PI. LVII, fig. 12; LVIIl, fig*. I,r2, 8. 
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The second specimen (P* 146) ha* two pairs rtf very lacga end cloaaly appro*, 
imatad inoisora, and therefore agrees with Falconer's &. paksmdicML In the 
upper angles between these large teeth, there are, however, wedged in, two vwfjy 
minute teeth, corresponding to the second pan of incisors in IT. nomacZfctM. The 
vertM diameters of the first, second, and thirA incisors in this jaw are respte^ 
ively 1*96, 0*59, and 2*0 inches; while in the other specimen they fire 1*2, 
0*9, and 1*33 inches* The specimen tfo. 9 148 most certainly be referred 4ft 
17. peMadtcus, but the presence of the minute pair of second incisors connects It 
so closely with those forms of S. namadkm in which that pair of teeth is, so 4a 
speak, partly squeezed out of the way by the others, that it becomes a question 
whether the latter species can be maintained. 

It is true that in the typical tCtraprotodout forms, and in No. F 13, the first 
and third inchore are much larger than in typical hexaprotodont forms ; but this 
might be accounted for by the greater Space for growth which these teeth Obtain 
in the tetraprotodont form. 

On the whole, it. would perhaps be rash to say positively that them is only 
one species of Narbada hippopotamus ; hut, taking into account that only one 
form of skull could be distinguished by Dr. Falconer, and the variations above 
noticed in the lower incisors, such was not improbably the case. 

The tetraprotodont form of the Narbada hippopotamus seems to be distin- 
guished from the African species by having the two pairs of inCisors of sub-equal 
size, or the outer larger than the inner. In the living species the inner incisors 
are generally very much larger than the outer. The hexaprotodont form in 
1 which the lower incisors are of sub-equal size, and placed in the same horizontal 
line, seems to agree very closely with the older J7. sivalensis, and I am not await 
how they can he distinguished. 

The Narbada hippopotamus, whether belonging to one or more species, shows 
a clear instance of the evolution of a tetraprotodont from a hexaprotodont form, 
after the general law of progression from the generalised tp the specialised. 
These animals, further, most clearly connect the Siwalik with the living fora, 
and may thus indicate the line of descent of the latter. 

The above conclusions indicate decisively that Falconer's sub-genera Seeopro- 
todon and Tetrajprotodon must be abolished, as their distinctive characters are 
found in the same species. They farther indioete that it is almost certainty the 
second pair of inoisors which is suppressed in the African hippopotamus ; a fan! 
which may prove of some importance in determining the homologies of the 
incisors in other ungulate mammals (&£., Rhinoceros) in which the whole of the 
* typical series is not developed. 

3. ^Structure of molars of Mastodon sivalmms . 

A much worn molar tooth of Mastodon sivals/nsis from the Punjab in the col- 
lection of the Indian Museum, 1 which has been recently cut and polished, shows 


■ No. A. m. 
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a peculiarity in the arrangement of the enamel, not previously observed, as far as 
I am aware, in the teeth of the Proboscidia. The enamel, in place of simply 
investing the cones, or denticles of the crown, as a regular cap, is thrown into 
numerous folds, placed at regular intervals from one another, penetrating deeply 
into the dentine of the cones, and converging towards their centres. The hori* 
zontal section of one of these cones exhibits a structure intermediate in respect 
to the depth of the foldings of the enamel, between that of the teeth of Ichthyo- 
saurus and Labyrinthodon. 1 The infoldings are considerably deeper than those in 
the former genus, and if the symmetry of the cones were not interfered with by 
mutual adpressure, these infoldings would present a regular convergence towards 
the centre as in Ichthyosaurus . A second cut specimen exhibits a similar struc- 
ture. 

1 have not observed this structure in the molars of any other species of mas- 
todon; and from the statement of Professor Owen, that “ there is no instance 
in the mammiferous class of these [enamel] folds converging at regular intervals 
all round the circumference towards its centre,” a it would appear that the molars 
of Mastodon sivalensis arc quite peculiar iir this respect, and exhibit a homo- 
logy between the teeth of mammals and reptiles not previously known to exist. 

3. Captain Searle's Perim Fossils . 

A small collection of vertebrate fossils from Perim Island, collected by the 
late Dr. Wilson, has recently been presented to the Indian Museum by Captain 
Searle, Superintendent of Marine, Calcutta, which may be appropriately noticed 
here. The collection comprises a tooth of Mastodon perim ens is, and a broken 
one of M. lat ideas. A lower jaw of Acer other iiun perimense , and one of another 
member of the Bame family, showing the symphysis, and identical with the 
mandible referred to Rhinoceros sivalensis in the “ Palreontologia Indica” : 8 this 
form is now to Perim Island. Several limb-bones of elephants and rhinoceroses 
are also among the collection. There is a horn-core of a large ruminant, gene- 
rically indeterminable. There are also two fine specimens of the Cranium of 
Oharialis gangeticus , and the imperfect humerus of a large species of tortoise 
(not Colossochelys), new to these deposits. 

With these additions the fossil vertebrate fauna of Perim Island includes 
the follow iug forms* 

Mastodon latidens, Clift. 

,» perimensis, Falc. and Cant. 

„ pandionis, Falc. 

Dinotherium indicam, Falc. 

liyotherium, sp. 

Sng hysudricus, Falc. and Caut. 

Bramatherium perimense, Falc. 

Camelopardalis sivalensis, Falc. and Cant. 

1 Bee Owen's “Odontography,” pi. LXIV B. 

• Loc. tit., p. £01. 

1 Series X," Vol. II, pt. I. 

4 This list may bu taken to supersede that given on page 848 of the “ Manual." 
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An'iioip^ ip,, and other ruminants. 

Capra psrimeneis, Ljd. 

P Rhinoceros sivalensis, Falc. and Caut. 

Acerotherium perimense, Falo. and Caut 

Hippotherium tbeohaldi, hyd. 

Crocodilus palnatria, Lees. 

Gharialis gangetfcus, Gmel. 

Colossocheiys atlas, Falc. and Caut. 

Testudo, sp. 

Emyda, sp, 

Trionyx, sp. 

4. Bagabios yarrelli, /torn the SuvaliU. 

In the sixth volume of the “Journal of the Asiatic Society of Bengal * >l 
a portion of a fossil icbthyopsidan skull is described and figured by Dr. Cantor 
as that of a gigantic batrachian. It was discovered by Colonel Colvin in the 
Siwaliks of Ndhan, and is now in^the collection of tin Indian Museum 1 2 * In 
1844 this specimen was again described and figured by Dr. M’Clelland,* who 
showed that it belonged to a siluroid fish, and probably to Ft melodics. 

At a subsequent date reference was made by myself to the specimen, 4 when 
it was argued “that it was improbable that it belonged to Fmelodus , since that 
genus is confined to the West Indies and Africa. Ia Dr. M 5 Clel land’s time, 
however, the genus was less strictly defined and comprehended many Indian forms, 
and it will be shown below, that in this wider sense Dr. M’Clelland’s determina- 
tion was correct. It was suggested in my notice that the specimen might belong 
to the genus Chaca* 

Thus the matter remained till a few weeks ago, when a huge siluroid, 
oaught in the Hughli, was brought to the Indian Museum by its captors. 
On seeing this gigantic fish T was at once struck with the resemblance of 
its head to the fossil skull, and accordingly made arrangements for comparing 
the two skulls as soon as the recent fish was macerated. This comparison 
I have lately made, and I find that the fossil (of which Dr. Cantor’s figure 
gives a very good idea) comprehends the preorbital part of the skull and 
agrees precisely in every detail, both of shape and size, with the skull of the 
recent fish. The agreement between the two is so close that I have no doubt 
but that they are specifically identical. 

An examination of the recent fish shows it to be Bagarius yarrelli, Sykes, 
which according to Dr. Day, 6 inhabits “ the large rivers of India and Java, des* 

1 P.688, pi XXXI. 

• No. E, 165. 

8 “ Calcutta Journal of Natural History,” Vol. IV, p. 88, pi. IX. 

4 Journal of Asiatic Society of Bengal Vol. XLIX, pt. II, p. 15. 

• ThCs suggestion was mainly made on the supposition that the fragment of the ejkull me 
more complete than it is, and consequently that the skull was very broad and short. 

• u ’f he Fishes of India,” Vol II, p. 496, pi CXV, fig, 8. 
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tending to their estuaries. It attains 6 feet or more in length* 9 ' The present 
specimen was just under 7 feet in length. The old name of this fish was Pimefo. 
due bagarius. The identity in size of the recent and fossil skulls probably indi- 
cates that the two* specimens had attained the full development of which the 
species is capable. The extreme length of the recent skull is 21*4 inches. 

The determination of another existing species of vertebrata in the Siwalik 
fauna is a matter of extreme interest, and confirms the inferences previously 
drawn as to the geological age of this fauna. The living species now identified 
from* the Siwaliks are Crocodilus palustri * , Ghariali * ga/ngeticus, Pangshura tectum , 
Emyda vittata, and Bagarius yarrelli . We shall see below that Python molwrus 
may not improbably be added to this list. 

5. The Siwalik Python . 

On page 20 of my paper in the “ Journal of the Asiatic Society of Bengal " 
already quoted, reference was made to some ophidian vertebra in the Indian 
Museum 1 2 * 4 from the Siwaliks of Sind and the Punjab, which were said to resemble 
those of Python . I have lately submitted these vertebra to a careful comparison 
urith those of the living Indian P. molurus , and can detect no difference between 
the two. Most of the fossil vertebra belonged to pythons of not more than 
5 or 6 feet in length, but an early dorBal 8 indicates an animal of upwards of 
15 or 16 feet in length. It would, perhaps, be rash to say positively, from the 
evidence of these vertebrae, that the Siwalik python was specifically identical 
with P. molarus, but it is quite probable that such was really the case. 

6. Narbada and Siwalik Mollusca. 

Mr. Geoffrey Nevill, our specialist on Indian terrestrial mollusca, has been 
kind enough to examine the small collection of land and fresh-water shells from 
the pleistocene of the Narbada and Jamna, and also from the Siwaliks, contained 
in the Indian Museum. It may be observed that lists of shells from the 
Narbada beds have already been published by Mr. Theobald in two separate 
papers, 8 and that the specimens mentioned in the second of these papers are 
those submitted to Mr. Nevill, whose determinations differ somewhat from 
those of Mr. Theobald. 'Of Siwalik shells the Indian Museum has but three 
species. 

A note on shells from these deposits is given in the “ Paleontological 
Memoirs,” * but the knowledge of living Indian terrestrial mollusca was then so 
imperfect that the note is practically valueless. It would appear from this note 
that a considerable variety of Siwalik shells were obtained, which are probably 
now in the British Museum, and it is much to be desired that they should be a 
submitted to the examination of some competent authority for determination. 

1 Nos. £205-206. 

2 No. E 206. 

» Horn. Geol, Surv. India, Vol. II, p. 284, et teq. Supra, Vol. VI, p. 54, si 

4 Vol.1, p. 389. 



PAftT &] L TDBKME : Note on *om Siwslik and Narbad* Fossils. 107 

The sheila from vlie Jamna pleistocene mentioned in the following list were 
collected, and presented to the Indian Museum by Mr. John Cockbnm 


Nmw. 

i 

| -vpw \J*x 

! 

** 

i 


Melania tubercnlata, MCI., v. pyraraii, Ben*, 
Planorbu compressus, Bens. . • 

„ convexiutculus, Hot. . 

M exustus, DesU — ? var. • 

Paludina bengalensis, Lam. 

„ dissimilis, MUL «... 

Helix proxima, Eish 

— 

I 

i 

+ 

+ 

+ 



„ Aspcrella, Pfr 

Buliminua (Cylindrus) imolari*, Ehr. . 

+ 

+ 

• * 

+ 


Corbicula, sp. 1 

+ 

• •• 


Referred by Mr. Theobald to C. cor. 
Very small, with large ridges. 

n « 1 • • * • • • 

+ 

Ml 

• M 



M. 

+ 

Large: Ur. Nevill cannot identify 
with any living form. 

Unio marginalia, Lam 

+ 

... 

+ 

„ favidenB, Bens., var. 1 . . • 


+ 

Ml 

Near V. maroena, but cannot be 

» » it var. 2 . 

+ 



identified with any living variety. 
Near U. wyitagangttuU, Lea. 

t> if ii var. 8 • * • . 

.. 

+ 


Near U. triamboU is, Bens. 

„ wynegangensis, Lea . 

+ 


.a. 


ii shnrtlefianus, Lea .... 

+ 

... 

|M 


„ indious, Sow., var. .... 


+ 

• a# 


,i macilentus, Bens., var. 

+ 


fll 


„ corrugatus, Miil., var. 


• •• 

• et 



The most important fact to be gleaned from this list is that two species, 
viz., Buliminua imularis and JJnio marginalia , can be traced without variation 
from the Siw&liks, through the Narbada to the present time : both are still 
living in the Narbada valley. A Siwalik speoies of Oorbicula is considered by 
Mr. Nevill to be probably extinct, while a probable variety of Unto fwvidena 
from the Jamna seems to differ from any living variety, though great stress 
cannot be laid on this point owing to the uncertainty of tho specific character of 
the members of this genus. 

7. Gigantic Htopotamus, from Bind. 

From the lower Manchhars of the Bhugti hills, north pf Sind, Mr. W. T. 
Blanford has lately procured some upper and lower molars of a gigantio species of 
Hyopotamua. These teeth are far larger than those of any described speoies, nearly 
equaling in sine the molars of Anthracotherivm magnwn. They will be described 
subsequently in the “ Paleeontologia Indies.” 
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On the Coal-bearing rocks of the valleys of the upper Her and the Hand rivers in 
Western Ohutia Nagpur . (With a map .) 

By V. Ball, m.a., p.q.s., Geological Survey of India . 

The following is a record of observations made in the season 1870-71 during 
a traverse of the areas of coal measures which intervene between those of the 
Bisrampur field on the north and the Eaigarh and Hingir coal-field on the south. 
Fuller and more detailed examination of these last mentioned fields in subse- 
quent seasons enabled separate accounts of them to be published,* but as the 
details, now about to be given, were of incompleted areas, their publication was 
held over until such time as the whole area between Eaigarh and Korba could 
be thoroughly explored and described as a united coal-field. Except a brief 
summary in the Manual of Geology 3 taken from the following notes, nothing has 
been published regarding these areas, so that in view of the present importance 
attaching to the existence of coal in this region and in anticipation of fntnre 
more detailed work, it is thought that the following instalment of information 
may be of value as it serves to link together the coal measures of Sambalpur, 
Central Sirguja, and Korba, in Bilaspur. 

Lakhanpur Field , 

This field, as at present known, is a small area of about 50 square miles, 
situated in the south-west corner of central Sirguja and to the south of the Pilka 
hills. 

On the north it is bounded by the Pilka fault, described in the Bisrampur 
report ; on the north-east by metamorphic rocks, the boundary being probably 
natural. On the south-east also by metamorpbic rocks, the boundary being here 
faulted ; on the south partly by metamorphic rocks and partly by Talchirs which 
connect it with the Eampur field. The western extension has not yet been 
examined. 

Within the limits of this area there are no hills ; a thick covering of alluvium 
obscures all the rocks except in the river sections, of which, however, there are 
fortunately a good many. 

The rivers are the Eer or Arand and the Goinghata with 5 or 6 direct and 
indirect tributaries, all of which afford sections. 

The rocks exposed all belong either to the Talchir or Barakar groups, there 
being no representative of the upper-sandstones found in this area. 

Talchirs. — A strip of Talchirs, not very distinctly seen, occurs on the north- 
east boundary of the Barakars ; the only dear section of these rooks occurs in the 
Goinghata west of the Satp&ra and Mendra road ; they consist there of green 
sandstones, shales, and the boulder bed. 

Some Talchir rocks are also exposed in the bed of the Goinghata near the 

1 lUigarb and Hingir, Rec. Gaol. Surv. of India, Vol. IV, pp. 101 to 107 j Vol. VIII, pp. 
102 12 *» Vol. X, pp. 170 to 173, Burampur op, oit, Vol. VI, pp. 25 to 41. 

* Part I, p. 207. 
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deserted Tillage of Rukra, their relationship to the Barakars on the north and 
south I had not time to ascertain. 

In the Rer or Arand on the south-west, Talchirs crop up, and passing south- 
wards connect this field with the one further south (Rampur), which is traversed 
by the higher reaches of the same river. 

In the jungle near the village of Mndcsa, east of this field a small outlie! 
of Talchirs was noted. Its limits were not traced out. 

Barakars, Qoinghata section. — North-east of Mahadtopara there are some 
slates and quartzites apparently of snb-metamorphic age. South of these them is 
an interval through which the ftmlt already mentioned, probably passes. Nearly 
east of the village there are Barak ar sandstones which include a seam of carbo- 
naceous shale, and from under which the Takhir rocks, just alluded to, crop out 
and continue in the bed of the stream for about half a mile, after which they are 
again covered by apparently the same section of Barakars. 

The repeated seam appears to contain a small* quantity of poor coal, after 
which there are two seams which contain carbonaceous shale only. In the reach 
north-west of Parsori there is a seam containing about 8 feet of stony but burn- 
able coal. The base is hidden. North of Ambera then in a scam badly seen 
in the bed of the river ; it contains at least 2' 4 * of tolerable coal. 

Sonth of the mouth of the Khekra stream the only rocks which are exposed 
are sandstones and grits, save a very fine trap dyke which crosses the river with 
a strike of 15* N. of E. — 15° S. of W. and maintains that direction steadily as 
far as the Rer, being seen in all the intervening streams, but not in the inter- 
vening alluvium-covered high ground. 

Khekra section . — In the Khekra river from its junotion with the Goin- 
gliata to the point north of west of Lapatra, where it is intersected by the 
boundary of the gneiss there are exposed a few sandstones, the trap dyke, and 
about a foot of coaly shale. 

Ohandnai river . — This river and its tributary, the Chulhot, have not been 
plotted in detail on tho map. Instead of the peculiar winding courses which they 
follow, they are represented as consisting of long rectangular reaches and bends. 
It is consequently difficult to represent faithfully the position of the coal seams. 

Between the mouth of the Chandnai and the village of Kutkona, there is a 
much broken section of sandstones in which three outcrops of coal seams occur. 
In the first, V 6" of coal is exposed ; some of the blocks derived from it consist of 
very good coal. Neither of the others are of very promising character, but the 
one near the mouth of the Gumgara is evidently of some size and may contain 
good coal, though it is not now exposed. 

Trap occurs in the bed of the river about one-third of a mile from Kutkona^ 
Just below the village the large trap dyke mentioned above crosses the stream 
disturbing in its passage, but not to a detrimental extent, the finest Coal seam 
which occurs in this area. 

Where most clearly seen, this seam (the base being hidden) consists of about 
equal parts of good, fair and burnable shaly coal, in all a thickness of 5' 6" capped 
by a massive bed of about 80' of sandstone. 
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Whether the position of the dyke is coincident with a fault whioh has flung the 
coal on the south, I conld not ascertain, but even if it has, the in all pro- 
bability extends throughout a considerable area on the north and west. “ 
The branches of the river whioh meet close to this traverse a br oken section of 
sandstones for about 2£ miles, after which the gneiss rooks oome in. In the 
eastern branch, near the village of Sirkotonga, the boundaiy is seen very dearlr 
and is clearly faulted. In the western the boundary is completely obscured bv 
alluvium. * 

The Her or Arand section .-. In the Rer river west of Jamgula there are some 
sandstones, apparently of Talchir age. From this northwards many of the 
reaches expose no rocks whatever; but those whioh are seen are Barakar sand, 
stones and grits; they are for the most part horizontal. The above-mentioned 
trap dyke is again seen in the bed of the river to the south-west of Bsgdari 
Should coal ever be required in this neighbourhood, I think there is a good 
prospect of its being found of fair quantity and quality at no great depth and in 
approximately horizontal beds. 

Borings made within a mile radius of Ambera and Kutkona would probably 

give a fair test of the capabilities of the area. r * 

Bampur Coal-field. 

The area for which the above name is proposed is bounded on tho north bv 

£he Lakhanpur gneiss, on the east by the Mainpat, on the south it passes into tZ 
Maud area described below, on the west it is connected with the great a^a 0 f 
coal-measure rocks which stretches to Korba. 

I do not attempt to make-any estimate of area, as my observations were simply 
confined to the vicinity of tho route-track from Lakhanpur to Matringa ? J 

Passing west and south from the Lakhanpur granitic gneisses, which run 
under the sandstones and trap of tho Mainpat, the valley of the Rer or Arand is 
reached. At Patrapali, west of Lakhanpur, and following it up to its source the 
nver at first alternately traverses Talchir and Barakar rocks . but in the highest 
reaches the upper sandstones are exposed. “gnest 

Talchirs. In the Arand between Chainpur and Jaiiri them _ u i 
section of Talchirs consisting chiefly of sandstones; shales ^d the bould£bS 

are, however, not absent. Above (i.e., to the south of) Jaigi for about 2 Lu. 
no rocks are seen, but beyond Ubka, there are some Baraku sandstones and ’ 
indistinct outcrop of Talchirs (P) appears at the road c ^ to 

This appsrentiy reste on some quartzite gneiss whioh strikes into the tedTthe 
nver a little fnrther on. “ 01 ■ Be 

, For 5 miles beyond this the river shows no signs of any Talohira W u 

tzr *** *■* — -v — - 

wSKSiKtsar " 4 ** -» - - 

The boundary of the Talchirs strikes the river again a little aho» 
with the Sugar stream, and crosses it a little beyo^the high gh&t. "t^ 
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Talchir rooks oom> from this point for about a mile eastwards, after which they 
are covered hy some sandstones which may be either Barakars or upper sand- 
stones. This point remains still to be determined. 

Beyond the village of Kesma again Talchirs (or rocks lithologically so like 
them as to be [indistinguishable) re-appear. Fragments of coal or coaly shale 
occur sparingly in the bed of the river, but there is uo trace of Barakar rocks in 
the main stream and the trap -capped hills on cither side of the valley appear to 
be altogether comprised of the upper sandstones, so that lam inclined to believe 
that the coal, Ac., must be derived from layers in the latter 

Barakars. — The first or most northern outffop of Barakars is exposed in the 
roach of the Arand south of Ubka, where there are saudstoneu resting on coaly 
shale. Several other outcrops occur in the river up to the road crossing. 

In the country west from this there are several peculiarly shaped hills, notably 
ono called Ramgarh. The summit of Hus hill is 3,206 feet above the sea. The 
upper portion consists of a massive rectangular block of the upper sandstone** 
w liich are here from 550 to 600 feet thick ; these rest on it pedestal of Barakar 
rocks, the highest bed of which is a coal seam containing about 41 6" of rather 
stony coal. The summit of the hill is capped by imp. Owing to the antiquities, 
cave temples, &c., sevoral notices of it have been published, and the existence of 
the coal seam has been referred to by Colonels Onseley 1 and Dalton. 2 A descrip- 
tion of the hill has also been published by the present writer.’ 

Returning to the Arand section. In the vicinity of Tunga, there are some 
slabs of coaly shale which appear to have been derived from no very distant 
source. As no seam appears in the Arand close by, it is probable that one is 
exposed in some of the tributary streams, possibly the Gerua, as some fragments of 
coal shales were found in it. I had heard previously from the Lakhanpur Raja 
that coal did occur somewhore in the neighbourhood of Tunga, but I bad not time 
to hunt up all the surrounding country. 

These Barakars continue up to a point north-west of Lipingi, but there is . 
no trace of coal. Westwards from this, the same rocks were traced to Lachman- 
ganj, their existence under the alluvium there being proved by the debris from a 
well in the compound of the Raja’s shooting lodge. 

Barakars are next met with in the Arand, south-east of Kumrewa. They 
consist chiefly of massive folspathio sandstones and grits often much iron-stained. 

In a reach to tho east-south-east of Sair, there is a seam consisting of coaly 
and carbonaceous shale, apparently not containing any good coal. This is the 
locality marked ‘ coal-field ’ on the old maps. 

It is probably the sourco of the coaly fragments seen in the bed many miles 
northwards, but cannot possibly be that of the large slabs seen near Tonga. 
Shaly fragments of coal may, I believe, be carried in rivers for enormous dis- 
tances ; even in the present Bluggish state of the river, fragments may often be 
seen incessantly rolling over and over along the bottom. 

1 J. A. S. B., VoL XVII, p. 66. 

• Op . oit, t Vol. XXXIV, pt. II, No. 1, p. 24 

* Indian Antiquary, 1873, p. 243. 
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Sandstones, as before mentioned, continue up to the Sair and Kesma gh&t ; 
‘west of the river they extend into the peculiar raviny country beyond Sair* 

There the rivers have cut down to a considerable depth ; in the massive sand- 
stones producing a perfect maze, very difficult to traverse. 

A locality for coal on the Chomai river is marked on the map, but this I did 
not visit. 

I have above alluded to the doubtful character of the sandstones at Kesma. 

Upper sandstones. — West of the Arand valley there are a number of flat* 
topped and sharply scarped hills, which are evidently formed of sandstones identi- 
cal with those of the Pilka hills. On the east, too, similar scarped faces show 
under the trap of the Mainpat. The first locality at which these rocks were 
actually examined was in the hill east of Kesma. They are coarse grits, present- 
ing no striking contrast in lithological characters to some Barakar rocks. About 
3 miles north of Matringa the Talchirs arc covered by sandstones, which seem 
to belong rather to this group than to the Barakars. But they still require much 
close examination. 

In the streams which constitute the head of the Arand, there are fallen masses 
of trap and laterite which have been brought down from the tops of the hills, 

Tho Matringa gh&t is an almost sheer descent of 900 feet into Udepur. At 
the top of the gh&t there is laterite in situ, and below it a succession of argillaceous 
shales, and pink, white, and yellow sandstones, which become somewhat pebbly 
towards the base. If 600 feet is added for the thickness of the sandstones in the 
hills above the ghat, then we should have a minimum total of 1,500 feet for the 
thickness of this group. 

Between the foot of the gh&t and Amuldih there arc some trap dykes, which 
are probably continuations of some observed in the Kairja valley, near Bakulo, by 
Mr. W. T. Blanford. 

The evidence afforded here -of disturbance of the coal-bearing rocks is very 
strong,' there being a difference of level between the Barakars and Talchirs 
of Sair, &c., and those of Udepur, in the Mand section, of at least *1,000 feet. 

That they occupied these relative positions at the time of deposition is most 
difficult to believe ; it seems much more probable that they were once connected, 
and that the difference of level was produced subsequently, possibly at the period 
of the outpouring of the Mainpat trap. The discovery of coal measures on the 
Hazaribagh plateau has already pointed to the probability of the present level of 
the plateaus as contrasted with that of the surrounding valleys, being at least to 
some extent due to local upheavals. 

The Mand Coal-field . 

The connection of the Udepur coal-measure (Barakar) rocks westwards with 
the great spread which includes the Korba field, has been pointed otit by 
Mr. W. T. Blanford. My observations wero confined to the Udepur area, ta, 
to the valley of the river Mand, and the areas to the north and east of it. 

This is a very irregular shaped area, extending from north to south* tot a dip* 
tance of 35 miles. On the north it is connected by upper (Hingir) sandst ones with 



part 8,] ball : Coal-bearing rooks of upper Bar and Hand riven* 113 

the Rampur field. On the south and south-east it is bounded by Vindhyan and 
xnetamorphio rooks which strike steadily in the direction of Korba. On the east 
the coal measure rocks are covered by the upper sandstones, and it is uncertain 
whether the former appear in the valleys beyond the ranges formed of these 
sandstones. On the north-east, besides the overlapping sandstones, a portion of 
the boundary is formed of granitic gneiss jocks. 

Talchirs.— So far as is known at present, the areas of Talohir rocks occurring 
m this field are of small size. Proceeding from north to sonth, the first Talchirs 
encountered with occur detached from the field, in the valley of the Kairja river, 
north of Rabkob. 

In the section north from Mingurho, granitic gneisses with, for the most part, 
an E # W, strike, occupy the bed of the river nearly up to the Kumhar road- 
crossing whore Talobirs come in. These, especially the bculder bed, continue up 
to half way between Bajpar and Bakulo, whti-e there aro some hills of yellowish 
or grey sandstone which seemed to be of Tnlchir age. 

At Rabkob several of the reaches of the Mand river aro occupied by Talchirs, 
blue and grey sandstones and the boulder bed. 

North-west of Rabkob, in the valley of the Samasota (or Gbopal) river, there 
is an area of Bar&k&r rooks, showing evidence of extreme disturbance. On the 
borders of this there are somo outcrops of Talchirs, and in the centro of it, at 
the broken crest of a very remarkable anticlinal, locks of the same group are 
exposed. 

Prom this to the south-east comer of tho field no Talchirs were seen in the 
Maud or any of its tributaries. At the south-east corner, Talchirs, resting on 
granitio gneiss, crop from underneath the Bar&kars ; they are last Been in the 
Sukia stream, and consist chiefly of shales and sandstones with imperfectly 
developed boulder bed. 

Barakars (Coal Measures) : Mand Uiver section . — Passiug westwards down 
the river, from the Talchirs seen near Rabkob, the first Barakars met with occur 
in the reach east of Saipur. At tho north end of it there is a small coal seam, 
of which the section is as follows : — 

Dip 5°, to W. N. W. 

Coaly shale, about ... ... ••• ••• 8* 

Parting... ... ... ... ... 8* 

Coaly shale and oo&l ... ... ... V 4 V 

Base hidden. 

Beyond this, there are massive beds of sandstones and grits in some of the 
reaches ; in others, for from 1 to 2 miles, no rocks whatever are exposed. Between 
this and Khargaon there are two or three outcrops of coal and coaly shale, but no 
ooal. At Khargaon there are two seams, the upper containing carbonaceous shale, 
and the lower, which is seen under a massive sandstone, contains 1'4" shaly oo&l. 
Half a mile from the mouth of the Saria stream there are several seams containing 
carbonaceous shale with coaly layers. From this, for 3 miles, there are only 
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a few outcrops of sandstones, several of the reaches being filled with sand. -A short 
distance from the Kopa river there is a seam containing a foot of coaly shale, 
base not seen. Between the months of the Kupa and Khanddhoa there are two 
seams of grey and carbonaceous shales with a dip of about 10°, to 8. 

A similar outcrop is seen in the reach west of Hathi. After this, np to a 
point 1 mile south of Dorki there are only a few outcrops of a peculiar 
yellowish and grey sandstone, not Talchir, but yory unlike typical Barakar. 

Under the east bank close* by there is a seam of coal &liale and poor coal, 
the latter 15 inches thick. The base of the seam is not exposed. Dip, 5° north- 
east. After this, there are numerous sandy reaches showing only rare exposures 
of sandstone. 

Below Koraikela, hills consisting of the upper sandstones abut on the 
river. 

From this to the boundary formed by Vindhyans at Daijari, the only rocks 
Beon are sandstones occasionally associated with Bhales, which latter are in two 
coses somewhat carbonaceous. 

The Vindhyan and gneiss boundary runs with the last reach, and in one 
place gneiss is exposed in the bed of the river. This boundaiy did not seem 
to bo faulted. The high ridge of quartzites probably formed the boundaiy of the 
Barakars at the time of deposition exactly as it does now. 

Tributaries of the Aland . — Above Rabkob fragments of coal were found in the 
bed of the Mand, which were apparently brought in by some of the small southern 
tributaries. 

Kairja river . — In the Kairja, Barakar rocks oxtend for about three-fourths of 
a mile from the mouth. Near the base there is a scam consisting of carbonaceous 
and coaly shale with thin layers of coal. The boundary appears to be natural : a 
boulder bed, possibly of Talchir age, rests on gneiss ; but there is also some 
evidence of crushing up and disturbance at the junction. 

Samasota river . — At the mouth of the Samasota (or Gopal) stream, north-west 
of Rabkob, there were abundant fragments of coal, which proved that there was 
an extension of the Barakars in that direction. The section in fact abounds with 
coal scams, which at first have a slight rolling dip, but evidence of disturbance 
soon becomes apparent, and the river gives a section of a fin© anticlinal, in which, 
on the rise, the seams and associated sandstones dip at angles from 40° to 55°, to 
east. From underneath these, a Talchir boulder bed with associated shales qtwI 
sandstones crops out, but after one-fourth of a mile or so the Barakars re-appear ; 
but the fall of the anticlinal is less steep than the rise, and the dip is not too 
great for the working of some of the seams. The following is a list of the seams 
seen in this river : — 

Ft. In* 

1st — Fair coal under massive sandstone, dip, 8° north-west . . 18 

2nd . — Shaly coal — seen 3 

Ft. 

3rd. — Hhaly coal much weathered 9 

.Banked with sand, not exposed 4 

Good bright coal 8 


16 
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Bm« >iot seen, dip variable, 8 e — 8° to Wert-80°-North 
, and North- Wert. 


41 A , — In a North-East to South-West reach, not represented 
on the map. 

Ft. In 

Coul - , 8 4 

Grey shale ........ 0 

Coal and carbonaceous shale % . . . .16 

Grey shale 1 

Sandstone. , 

Dip North-East 

5th . — A fine large scam exposed on ihe southern bank, dip 
quaquavorsal. 

Sandstone . . 

Seam — 

1. Shaly coal, about . . , . aS 

2 . Coal, inferior, but burnable . . . . 1 11 

3. Grey shale ...... 10 

4. Flaky coal shales with irregular coaly layers . 9 

6 . Coal, good, varies 16 

6 . Grey shale 2 2 

7. Same as 6 6 

Base not seen. 


11 10 


20 


22 6 


Unless there be coal below, I do not think this seam could be worked with any 
good result. This seam may bo the same as No. 3. I think it is, for No. 4 is 
repeatod in the next reach ; the thickness slightly altered, but the relative position 
of the component layers the same. After it, there is a long south to north 
roach, towards the end of which, before the entrance to an east to west one and 
then continued in it, there is tho following remarkable section, showing an amount 
of disturbance unparalleled in those portions of tho Sirguja coal-holds which 
have boon as yet examined : — 


Ft. In. 

1. Sandstone q. p. . . 30 

(1) 2. Seam , dip 83° East-North-East. — 

• Ft. In. 

a — Coal, good . . . . . * . 1 

h — Shale • ..••••• 3 

o — Carbonaceous shale, with coaly layers . . 3 10 

d — Coal, about . 2 

9 10 

(2) 3. Sandstone, about 60 

4. Secam— 

Stony and shaly coal 13 8 

5. Sandstone 42 

(3) 6. 8tam t dip 60°.— 

Coal withe arbonaceous shale parting . . .43 

Covered 9 9 

14 
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Ft In. 

7 . Sandstone 89 6 

(4) 8. Seam — 

Coal and coal shale, much hidden 9 9 

9. Sandstone 44 6 

(5) 10. Seam — , 

Coal and carbonaceous shale frequent parting*, but much 

of the coal good 84 4 

Dip 50° falling to 45°. 

11. Sandstone 89 0 

(6) 12. Seam— 

Concealed . 28 

Flaky coal 7 7 


80 7 


13. Sandstone 61 0 

(7) 14. Seam — 

Coal and carbonaceous sliale portions good . 20 7 

16. Sandstone 76 0 

(8) 16. Seam— 

Poor earthy coal and carbonaceous shale seen . 4 

17. 8andstone with pebbles, say 60 

Total . 617 7 


Talchirs, boulder bed, shales and sandstones, in a north-west reach. Barakars 
come in again after one-fourth of a mile or so. Close to the boundary there is a 
seam of coal and, in the next reach one with a dip of 35° to N. W., it is 15 
to 16 feet thick, and is of very variable quality. In the next reach, E. W., there 
is an exact repetition of the section on the other side of the Talchirs, but with the 
dip in the opposite direction, 35° — 40° W. and W.-N.-W. changing to north 
towards the end of the reach. 

In the next long north to south reach there is a seam of 4' 6" of coaly shale 
and coal, dip 15° to N.-E. showing a complete change of direction. I am 
not sure whether this is a repetition of one of the above seams. Another seam 
is seen in the next reach after which the sandstones again resume their horizontal 
position, and the same bed may be traced for a considerable distance. 

Strong nests of coal occur in some of these sandstones. 

A few reaches further, there is a seam at least 10 feet thick, consisting 
of the same flaky-looking coal. 

A short distance beyond the Boro and Jamungri road ghftt there is a 5 feet 
10 inches seam of stony and shaly coal ; the upper half contains fair coal ; the 
dip is low to south-east, but the bedding all about appears to be very irregular. 

Another seam in the next reach is seen on the Boro side. It contains about 
10 feet of shaly coal, a portion of which has been on fire, though it contains muoh 
impurity ; a fresh fracture shows a fair proportion of bright layers. Beyohd 
this, there was still evidence of seams occurring in the higher reaches. 

Between Tuludha and the Samasota, vid the Jamungri road, there are several 
outcrops of Talchirs and gneiss, which afford further evidence of the disturbance 
and disruption of the beds in this neighbourhood, and render it extremely 
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doubtful what the extension of the seams in & western direction may be* Should 
it ever be required to search for coal here, 1 would recommend the vicinity of 
Boro, east round to south at a distance of about half a mile, as the most favourable 
for making trial borings. The evidence of extensive disturbance of the seams, 
and consequent difficulty of working them in the country between the Boro hill 
and the Mand, would render it less de Arable to tost that area in the first 
instance. 

Meria Kota stream.— In the Mei ia Kota stream beyond the first tributary, 
there is a seam of poor coal, of which 6 feet is exposed, cup to north-east. The 
same seam is again seen further on, where it shows a thickness of »bout 8 feet. 

Some distance beyond two small waterfalls, there is a sftam with a dip of 
30° north. It is faulted against a bed of sandstone. Close beyond is a seam 
(possibly the same) with a dip of 8° north-east. It does net contain any conti- 
nued thickness of good coal, being much parted by Bhaly layers. This js followed 
by another seam of about 6 loet with a dip of 10° to oa**t. The coal is for the 
most part flaky and inferior. At the east to west boundary, west-south-west 
of Jamungri I saw no traces of coal from the higher parts of the stream, though 
it is probable that some of the Boro seams may extend thus for eastward. At 
the same time, it may be that the Barakars are co\ ered up within a short dis- 
tance of this by the higher sandstones and grits. 

In the stream which rises near Jamungri I commenced to examine south-west 
of the village. Sandstones and grits, apparently Barakars, continue for more 
than a mile. Then TaJcliirs from the eastern boundary occupy the bed of the 
river for a few reaches, after which it runs in a deep gorge, which it has cut for 
itself in massive sandstones. As represented on the map, this rivei .has the 
unusual feature, for one in a rocky country, of having two mouths whereby its 
waters join the Samasota. The explanation is that the narrow gorge being 
unable to carry off at times the whole of the water, the surplus finds a passage 
for itself by a northern outlet. I did not see any seam in this stream, bnt frag- 
ments of coal occur. Rolled fragments of gneiss abound, being brought in 
by the eastern tributary. 

Ududha river .— The river south of Ududha (Hudhuda of the map) traverses 
deep gorges cut in massive sandstones. South-west of the village there is a seam 
of which the top only is exposed. At the highest point examined, a little north 
of west of the village there were still fragments of coal brought from higher 
reaches. 

Scvria, river . — In the Sana river a little beyond the road-crossing, there are 
two seams of carbonaceous Bhale with coaly layers. 

For several miles sandstones only are seen ; they show more tendency to roll 
than is common in other parts of the area ; the prevailing dips are 5° — 10° to 
west and south-west. 

North of the village of Konda there is a seam containing a few inches of 
coal in the exposed part. In an east and west reaoh higher up the stream there 
is a seam which, in addition to carbonaceous shale, contains about S' 6" of flaky 
coal. 
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A short distance beyond this, there is another badly seen seam containing, 
apparently, several feet of coal mixed with shale. 

At the Baisi and Ambgaon gh&t and for some distance up and down stream a 
nearly horizontal seam paves the bed of the stream ; it contains some good coal, 
but the whole thickness of the seam does not apparently exceed 5 feet. Between 
this and the Doridih and Ambgaon gh&t there are no outcrops visible ; but frag* 
ments of coal occur brought down from above. South of Potia there are sand- 
stones which are probably Barakars. 

Simi river . — About ^ a mile from the junction there are two seams of coaly 
shale with much carbonaceous shale, neither of any use. A little further on there 
is a seam with a dip at first to the west, afterwards changing to 12° south. It 
contains about 15' of grey and black shales, and, in one place, a band of rather 
less than a foot of fair coal. The same seam shows at intervals for a considerable 
distance. I did not examine beyond the Chithra and Simip&li gh&t. 

Kopa river. — From the mouth up to Chithra the rocks are for the most part 
covered. Near the mouth of a small stroam, which joins the Kopa south-west 
of Chithra, there are three seams of from 2' — 3' each ; they contain coal of 
fair quality mixed with carbonaceous shale. The dip of the first is 17° to west, 
but the third rests on a sandstone which is locally tilted to 35° to west. 

A short distance beyond the southern tributary, there is a seam of rather 
more than 3 feet of carbonaceous and grey shales, with some coaly layers towards 
the base. In the reach entered by the next northorn tributary, there is ft con- 
siderable seam of carbonaceous shales, but no coal. Beyond the Kodardih stream 
there is a seam of carbonaceous shale 3' 8", dipping at 5° to south-south- west, 
but no coal. 

Beyond this up to tho Bartapali crossing I saw no seams, the river for the 
greater portion of tho way being in a deep gorge of massive horizontal sand- 
stones. 

The last seam but one, mentioned above, is apparently one alluded to by 
Mr. W. T. Blanford ; 1 it rolls a good deal and is of uncertain dip, but I saw no 
sign of coal in it 

EJianddhoa river. — North of Qathi is a seam close to tho road ; it consists 
of 18' of slightly coaly abide with a dip to south of about 8°. 

About 2£ miles beyond this there is a seam with about 10" of coal towards 
the base, the upper part consisting of grey carbonaceous shales, dip 5° to west. 
In tho interval between these there are massive sandstones and two or three out- 
crops of carbonaceous shale, but no coal. 

Beyond this there are several repetitions of the same seam and several outcrops 
of carbonaceous shales. At the road crossing between Nouapara and Jogra there 
is a seam containing less than a -foot of inferior coal with a slight rolling dip to 
south. 

Kurja river. — In the stream north of Pori there is a seam containing 1 foot 
of inferior coal much mixed with shale, dip 3° east. Before it was reached a 
number of transported slabs of coed with shale, generally 12* thick, were found 
1 Records, Vol, III, pt, 8, p. 71. 
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lying in th# stream. I can scarcely believe that they were derived from this seam, 
as they appear to be of much better material than what is seen in $itu 9 but I did 
not see any traces of coal of similar character in tsvo reaches further west, which 
were the limit of my examination in that direction. 

Baghoud river . — From the month to the village of Galimar the $aghoud only 
shows sandstones and shales ; some flakes of carbonaceous shale occur, but none 
in situ, The upper part of this river as also of most of the foregoing one tra- 
verses the upper or Hingir sandstones, 

Bendo river . — lu this river there arc several outcrops of carbonaceous shale 
but no coal. 

Jhatnpi river,— In this river the rocks exposed by tiio section are red, yellow, 
and white sandstones ; no trace of coal or carbonaceous shale. I am inclined to 
believe that all these belong to the upper group. 

Kurhct river, — For half a mile from the mouth no rooks are seen ; afterwards, 
towards the top of the first reach, there are coarse sandstones and grits similar 
to those in the Mand. Beyond this the river exposes TuleHrs. The masses of 
coal Been in the bed are derived from seams in the Raigarh and Hengir field, which 
are traversed by the higher reaches of the river. 

In reference to the economic prospects of* this valley, I am distinctly inclined 
to regard them favourably. While it must be admitted that the majority of the 
seams which have been examined, as they happened to bo exposed, do not dis- 
close coal useful in quantify and quality, it should be remembered that the sec- 
tions are much covered and the disturbance of the beds (excepting in the few 
noted instances) has not proved sufficient to give anywhere a complete section of 
the succession actually existing. 

In some cases it is possible to trace the same bed of horizontal sandstono for 
several miles. The area being in the centre of the basin there is a good pros- 
pect of boring proving the existence of valuable seams. 

Upper or Hingir Sandstones. 

On the northern and for a considerable portion of the eastern boundary, the 
Barakar rooks are covered up by the upper sandstones. The peculiarities of 
the Matringa gh&t section, alluded to below, afford evidence of great disturbance 
of level between different portions of the coal-fields. But I must confess myself 
not prepared at present, with the imperfect data which I possess, to attempt an 
explanation of the action which has taken place. The difference between the 
level of the Talohirs of the Arand and of the Samasota, whether produced by 
flexion, faulting or aboriginal deposition, amounts to from 900 — 1,000 feet. In 
all probability, this is really a measure of the subsidence which has taken place. 

North-east of Porea there are sandstones with pebbles. These appear to be 
more common at and near the base of the hills than high up in the sections. 
The Boro hill and its neighbours are composed of ferruginous sandstones and 
grits. The scarped range to the east of this is formed of similar rooks, but less 
ferruginous and more compact. They are split up into angular blocks, in such a 
manner that at a short distance I supposed them to be metamorphics. 


a 
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The spur south of Balpeda is composed of sandstones and gwfc* In the 
streams near Jamungri there are soma sandstones and white argillaceous rooks 
which may he Barakars ; but I rather incline to the belief that they most be 
included with the upper rocks. The range east of Jamnngri is formed of sand- 
stones and grits, south and east of whioh metamorphio rooks come in and bound 
tho hold up to the Siajringa 1 plateau. It is possible that there aro sandstones on 
this plateau ; but tho first place in whioh I again met with them was in the 
Ghoradah hill ; from thence the boundary, from various reasons, is very indistinct, 
hut I believe it approximates closely to what is represented on the map, i.e., it 
runs round the Enderkona hill. 

The hill Ghoradah, 2,595 feet or some 1,500 feet from its base, is formed of 
sandstones and grits capped by latorite. All the hills south from this appear to 
be of the same sandstone, so that the gneiss boundary must be thrown consi- 
derably oast of its position near Rabkob. * 

Whether gneiss or Barakars occupy tho valleys, which occur further east of 
this range of hills, remains to be Been. It is probable that all the hills and 
ranges marked with distinct scarps are formed of the upper sandstones. 

The Enderkona hill is formed princi|>a]ly of a pinkish sandstone, which is 
scarped similar to those in the hills further north. At Kida the base of tbo hill 
is formed of compact purple sandstone. Round* tho fapse of Enderkona hill the 
boundary runs to Aghori, and from thence to the hifurbolow Gumar, which touch 
the Maud, and are continued again on the western bank. 4 

The river south of Taraikola exposes red and yellow sandstones with 
occasionally white grits ; some of the former contain red jasper pebbles. 

The high ground south of Taraikela is formed of ferruginous sandstones, 
grits and shales, with bands of iron-stone. From thence to Kfltaipali the bound- 
ary of those upper rocks has been roughly traced in that neighbourhood ; they lap 
ovor on to the Talchirs. Their further eastern extension from this was not traced. 

Sufficient has been said above to show how complete the unconformity of 
these rocks is with respect to the older formations, and yet the difficulty of 
separating them from tho underlying Barakars in some sections is excessive. 
Taken as a whole, their lithological characters and the absence of coal are such 
as to justify their abstraction from any close connection ; but individual beds 
ofton present the very strongest Resemblance to certain grits and sandstones of the 
Barakars. In all these particulars, as well as in their physioal characters, they 
prosent much similarity to the grits of the Rajmahal hills. 

I have often been struck with sections especially round the Mainp&t and 
neighbouring pdts as being exact repetitions of some I examined in tbe Rajmahal 
hills. Here as there, there are massive distinctly scarped sandstones, wfcftjffi 
rest indifferently on^Talohirs, Barakars or gneiss, and are covered by trap and 
massive laterite. 

Since the above was first written, these upper (Hingir) sandstones have la 
part been identified by their fossil contents with the Kamthi group, but represen- 
tatives of higher Gondwana groups are al^Very possibly present too. 

1 A village dole to eaat-by-nottfo of Chulmati summit, if 
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Vindhyang, 

It has bean ^nentioned above that the coal-bearing nfeftcs are cut of on tfo 
south by a ridge rooks of Vindhyan age. These consist of quartritbs and 
quartzltic sandstones. 

At intervals granitic gneisses intervene along the boundary. 

The quartsites are first met with on the west hank of the Hand, opposite Ero; 
there they form a succession of high ranges, often with steeply scarped sides. The 
strike of these hills corresponds with that of the boundary, and indeed of tip 
river itself, for 2 miles. Below Baijnri the boundary is suddenly deflected to 
the east, which direction it maintains fbr several miles, and then it strikes in the 
direction of Sambalpur. 

The observations hitherto made on the metajnorpbio rocks are too scattered 
and detached for special record, ft will be am interesting task to trade the origin 
of the gold which is found in the old alluvia! deposits of the tract which extends 
between the Hand and Ebe rivers. As these deposits lap round a central 
group of metamorphio rocks, the erictenoe of auriferous quarts reefs in them 
may Very possibly be hereafter proved. 


Report on the Penchjttvor ooalfield in Ohhindwdra Dietrid, Central Province*, hy 

W. T. BfiA-NfORD^F RJS., Senty Deputy Superintendent, Cholopoal Survey of 

India . 1 ( With a map ) 

The coal seams described in the following pages occur at a distance of from 
12 to 20 miles north-north. west and north- weep 0ft the station of GhhindwAra, in 
the Central Provinces, and in the neighbourhood of the river Peneh, a tributary 
of the Kanhdn river and ultimately of the Goddvari. The ooeurrenCe of Joel at 
oue of the localities, Barkoi, has been known for tome years. It was first dis- 
covered about 1852, and was mentioned by the late Mr. Hi^bp in a paper 
published, in 1855, in the Quarterly Journal of the Geological Society of London 
The country was roughly mapped, both geologically and topographically, by 
Mr. J. G. Medlicott, of the Geological Survey of India, in 1856, and the tract in 
which coal seams have now been discovered is sttowp, in the map, 1 to be formed 
of the rocks of the Indian coal measures, or D&muda series of the Survey classi- 
fication. Mr. Medlioott’s survey was neoessarily merely general, and could not 
comprise the search for outcrops of coal, a task involving the examination of 
every stream and nala, of every hill side and every field. The utmost that 
could be done was to define the area in which such a search could be davrfsd 
on With a chance of success. 

1 The trial borings in the Ihabpur coalfield having proved very unpromising, the prospect of 
a coal supply in this region turn* to the Ponoh river field, tome 85 miles to fee east On fee cams 
(southern) bolder of the Sftpara basin of Gondvrina rooks. As a good ittdloatkm <rf what h to be 
eipeeted feme, Mfc BUniocd f » report (written IS yearn ago) Is published in an Mjpuftto of the 
detailed smvey to be shortly madartaken. The line sf localities marked on the annexed map so®- 
riontly indicates fee position SPtbe coal measures. 

8 Memoirs Of fee Geological Survey of India, Vol. II, pari & 
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In the present instance there seems to have been unusual .unwillingness or 
apathy on the part of the natives of the district, who alone could effectually 
search for outcrops of coal seams, in furnishing information of their, existence. 
Officer after officer has been compelled to report his inability to ascertain the 
existence of any other coal in the district than the Barkoi seam, and it was 
ultimately by acoident that Major AAburner, the present 1 Deputy Commissioner 
of Chhindwdra, became acquainted with the occurrence of the mineral at Sirgori, 
and following up the discovery most energetically, succeeded, in the short space 
of throe months, in ascertaining its presenoe in the several places mentioned below. 

I am happy to report that I have been able to form a highly favourable 
opinion of the coal and of the facilities for working it which are presented fay its 
mode of occurrence. 

Before proceeding to describe tho several outcrops in detail, it may be useful 
to mention briefly the peculiar topographical and geological characteristics of the 
tract in which they occur. Upon the former depends the facility or difficulty of 
communication with adjoining districts, and upon the latter the existence and 
area of the coal field. 


To the north of the Ghhindw&ra district lies the flat open valley of the 



these areas are approximately at the same level, about 1,000 feet above the sea. 
They are separated by a tract of much higher country averaging at least 2,600 
feet and being part of a belt which may be considered to stretch nearly across 
India dividing, in the west, the watershed of the Narbada from that of the Tapti ; 
in Central India, intervening between the Narbada and the feeders of the 
Goddvarif and to the east, separating the valleys of the Son and other affluents 
of the Ganges, from the tributaries of the Mahdnadi and other rivers of 
Orissa. In the country between the Narbada and the Wainganga, this belt 
is about 80 miles broad, the northern portion consisting of massive flat- topped 
hills, intersected by deep ravines, all covered by denae jungle traversed by very 
few roads, and very thinly populated. The southern portion, which is the true 
dividing ridge, is far less irregular, and in most parts consists of a broad 
undulating table-land, generally fertile, and, in many places, well populated and 
cultivated. Upon this southern portion are the Civil Stations of Betdl and 
Ohhindwdra. 

Although a very considerable proportion of this belt of country in the Betdl, 
Distribution of coal-bearing Chhindwdra, and Narsinghpur Districts consists of 
rocks. coal measure rocks (Damuda), these arc' chiefly 

found in the deep valleys and on the sides of the hills of the wilder northern 
portion. Suoh is the case at Mopdni, on the Sitariva, near Narsinghpur, and 
in the several known coal localities of the T&wa valley. So far as the country 
has been hitherto mapped, the only coal measure rooks known to occur upon 
the table-land forming the southern portion of the belt are those in the neigh- 
bourhood of the Pench river, in which the seams now discovered ooour. This 


1 That is, in 1866. 
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circumstance is of great importance, because cwmmuuieaiiOfi with the country, 

either north or south, involves only the descent of one acgrp,while from all the 

other knotm cpat-fields of the neighbonvhood of the Narbada, communication 

with the son Involves an ascent of from 1,000 to 1,500 feety in addition 

to the descent of the southern scarp. The distance of the various coal localities 

from Ohhindwira is ’from 12 to 20 miles; from Ohhindwira to the foot of 

the gh&t at EUunokona is 28 miles, and from Bdmakona to Nigpwr 50, total 90 

to 96 miles. 

• 

The general geological features of tile neighbourhood of the Peach river coal- 
General geological structure 8®^ he, mostly gathered from Mr. M*dli00tt s 
of Peuch near coal-field end map, The following brief description is derived 
neighbourhood. chiefly from the map, partly from my own ©beer* 

rations. The country north of the station of Ghhindwtva consists of metenar- 
phio rocks, which extend to the west far beyond the towft of Umrait, end 
continue for about 10 miles due north of Chh£ndw£r&, when the sandstones 
and shales of the Damuda series ate brought in by a fault of unknown 
dimensions, but undoubtedly of considerable magnitude; probably, north of 
Chhindw&ra, of some thousands of feet. Upon both formations indifferently is 
a great spread of horizontally or nearly horizontally bedded trap, which covers 
the whole country further east, but, to the west, has generally been cut through 
by river valleys, and denuded, so as to expose the subjacent formations ; caps and 
patches of the trap remaining here and there. To the north of Umrait, between 
that town and the villages of Barkoi, Butaria, <Jbo., a patch of trap covers a 
considerable traot, concealing the boundary between the metamorphio rocks and 
the Damudas, and trap again overlaps the boundary north-east of Ghhindw&ra. 
From a few miles north of the Penoh again all is trap. The country in that 
direction rises into a great table-land, in parts as much as 3,500 feet high. 

The base of the trap is extremely irregular ; the beds have been poured out 
upon an irregularly denuded and uneven surface of metamorphio and sedimen- 
tary rooks, and masses of the igneous rooks, filling up previously existing hollows 
in the older formations, ooour even at the lowest portions of the country now 
exposed. Thus trap ocours in the bed of the Penoh river in two places, one 
north, the other south of the villages of Ohenda and Digawini, Trap dykes in- 
tersect the sedimentary and metamorphio rooks in places, but they do hot appear 
to be very numerous, nor to affect the quality of the coaL 

Besides the Damuda orooal measure sandstones and shales, Z found a con- 
siderable portion of the Pench valley to be occupied by rooks of a very different 
minerabgical character, thick beds of deep red clay with interstratificotione of 
coarse sand and sandstone, and bands of nodular limestone. These do not appear to 
contain ooel, and their appearance strongly recalls that of some beds, which I 
described in 1880 as the Panchet series, 1 and which overlie the ooal-bsaring pooka 

* It should not be forgotten that this pape* was written 16 years ago b«fae Mr. H. B* MeiU- 
eofct bad elasslfiid the Gondwdna beds of the Sftpura region and before anything definite was 
known of the Godfapi Gondwdnaa. The only areas of these rocks that bad been properly ear* 
veyed were those of the Damuda valley. Thd supposed Panchots doubtless belong to a much lower 
horizon and are in all probability Motur. 
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of the Raniganj field. But my time was too limited to allow me to investigate 
this intricate question) and my attention was necessarily chiefly confined to 
the coal beds. 

On the accompanying map (an extract from sheet No. 4 of the Revenue 

Villages referred to, marked Survey of the ChhindwSra District) will be found 
on map. the various villages referred to below as in the 

neighbourhood of the coal outcrops. The majority of them are also marked 
upon the map, already referred to, as published to accompany Mr. Medlicott's 
report on the central portion of the Narbada district. These villages extend 
in a line running nearly due east and west for a distance of about 16 miles. 

' In describing the localities in detail, I shall commence with those farthest 
to the east, and proceed regularly westwards. 

I. Sirgori seam . — The most eastwardly locality in which coal has as yet been 
discovered is dose to the village of Sirgori, and nearly a mile north of the Penoh 
river. The coal was found in a well sunk, twelve years ago, by the malguzar 
or patel of the village ; and this circumstance coming accidentally to the know- 
ledge of Major AsHburner, led to the discovery not only of this seam, but of all 
the othero between Sirgori and Barkoi. Major Ashburner sank a sh^ft jby the 
side of the well, and at the depth of 28 feet camo upon the coal. All the beds 
out through were of sandstone, coarse or fine ; and the roof of the coal consists of 

m coarse sandstone, obliquely laminated. After ent- 

Thickness of seam. , . . . . 

- ting into the coal more than 3 feet, water came 

in rather rapidly, and the Bhafl was stopped. With Borne little difficulty from 

the influx of water, I succeeded in digging into the coal further, until I had 

reached 4 feet 9 inches from the top of the seam. How much thicker it may 

he, I cannot say. The whole is of good quality, perfectly uniform, without shale 

partings. 

Tho coal burns excellently, and leaves a considerable quantity of perfectly 

n r* white ash. The most remarkable point about this 

Quality of the coal. ^ . g freedom from iron pyriteB . J have never 

seen any Indian coal which appeared so little impregnated. This is a most valu- 
able property — the absence of pyrites tends to ensure the coal from decomposition 
on exposure to the weather, and from liability to spontaneous combustion; and if 
Bulphur be not present in some other form, it especially qualifies the coal for the 
manufacture of iron and for forge purposes. 

The well in which the ooal was found is just south of the larger of the two 

Geological character of noigh- °° ,leot * om ot hotu9es composing the Tillage of Sir- 
bonrhood and probable extent of gori. These two portions of the village are aboiit 
fmm ' a quarter of a mile apart, the larger being north-east 

of the other. In a nala between them fine sandstones are exposed, dipping north 
about 5° ; these may he traced beneath the north-east portion of the village, and 
re-appear on the low hills about 200 yards east of the well ; dipping at that spot 
northmorth-west, at the same angle as before. The beds thus appear to be 
continuous along their outcrop for a distance of nearly half a mile, and unless 
some break of the rocks occur in the ground between their outcrop and the well, 
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(of whioh 1 could trace no indication,) the ooal should h$ continuous beneath 
them throughout that dig banco at least $ how much further it is difficult to say. 
This is along the Strike of the beds east and west, Coming up the dip of the 
beds towards into south, sandstones and shaly beds are seen with the same north 
dip in two or three places* the ground being however covered thickly with sur- 
face soil, so that very little can be seen. No trace of any outcrop can be found, 
and iu a well 22 feet deep, just south-east of the smaller or south-west portion 
of the village, no ooal was found, nor yet in another well, about 200 yards fur- 
ther west. Yet, if the coal continued at the same dip, its outcrop should be 
either at these wells or a little aouth of them, and in either case some indication 
of the ooal should be seen in them. Its absence induces me to believe that the 
coal is, in all probability, out off by a fault ; and there is an indication of snob a 
fault in a small nulla, 200 or 250 yards south-east of ’ the shaft in which the 
coal is seen. This fault brings coarse grits against shaly sandstone, and it 
appears to have an east and west direction (perhaps east-north-east to west- 
south-west, a common direction of the faults in this country). The amount and 
the direction of its throw are quite uncertain, scarcely any rocks, exoept the 
overlying trap, being seen in the neighbourhood to the south. Boring is very 
desirable about this to test the extent of the coal, which, if the fault be a down- 
throw to the south of no great amount, would be found on the south ride of the 
fault within a depth not too great to prevent its being worked. If the fault be 
an upthrow to the south, the ooal will of course be out out in that direction. 

A small stream runs in a valley north of Sirgori village (the larger portion), 
and then passes east of the village, and runs southward, passing a little east of 
the shaft. In this stream, east of the village, and about 200 yards north-north- 
east of the shaft, sandstone is seen overlying shale,*- the latter very carbonace- 
ous in parts, dipping about 3° to north-north-west, and containing fossil plants. 
The sandstone differs greatly from the muon coarser beds immediately overlying 
the coal. It is neoessary to mention this, as the dark shales may be easily mis- 
taken for an outcrop of coal, and it might be thought that the seam ig here 
brought to the surfaoe and repeated by a fault. I can bee no indication of such 
an occurrence, but every reason, on the contrary, for believing that the coal un- 
derlies all these rooks. 

Going further north, the beds appear to dip regularly until about 200 yards 
north of the village, and a quarter of a mile from the shaft where there may 
possibly be a fault. It is not very dearly seen, nor can even a guess be hasarded 
as to its amount or the direotion of its throw ; indeed, it is not certain that any- 
thing more than a sharp bend in the rocks exists, and of course it is quite possible, 
and even probable, that the ooal recurs beyond. 

- It will thus be seen {that for at leapt half a mile along the strike, and for 
nearly as great a 'distanoe along the dip, there is every probability that this seam 
is continuous ; and it is in the highest degree probable that the ooal will be traced 
Necessity for boring, and spots far beyond these limits if proper boring operations 
whore it is desirable, are carried out. Before attempting to work the 

coal, a few preliminary borings should be made, especially in the direction of 



[foiu xr. 


Ufl JR mrdi of tko Qoehgical Surry of Indit* 

the dip, that is, north and south of the well in whieh ooal has been found. These 
borings are needed both to ascertain, more definitely than can be done by surface 
exploration, the extent of the ooal seam, and also to prove whether its thickness 
be constant,— seams of which the roof consists of coarse'sandsfose, as in the pre- 
sent case, being sometimes variable in thickness. I would point out as one place 
for a boring the spot immediately south of the large banyan tree, which is itself 
south of the north-east portion of the village, in Order to ascertain if the ooal 
approaches the surface there. Another boring should be made 150 or 200 yards 
north of the well in the low ground east of the village. 

It is also extrenlely desirable that the ooal should be at oncfe sunk through 
in*the shaft, and its^thickness ascertained. This might be done at small expense. 

It has, I think, been clearly ascertained that the coal at this place is suffi- 
Summary of prospects of the ciently thick to be profitably worked, that its qual- 
locality for coal-mining. ity is good — in some respects exceptionally so— that 

the dip is low and highly favourable, and that there is every probability that the 
seam is continuous over a sufficiently large tract of ground to repay considerable 
outlay in starting a colliery. 

II. Sirgori seam No. 2.— Up the little stream, already mentioned as running 
north of the village of Sirgori, beyond the spot where indications of a fault are 
seen, nothing except coarse sandstone is met with, the dip of which is doubt- 
ful. About half a mile west-north-west of the village, the outcrop of a second 
seam of coal is seen in the nala, dipping north. On the north bank of 
the nala, Major Ashbumer sank a shaft to a depth of 18 feet, passing through 
the seam, which was 3 feet in thickness. The shaft passed entirely through 
shale and shaly sandstone. ' The coal was mostly extracted in large slabs, and 
these, after being exposed on the surface for three months in the dry season, 
have split up into papery layers, to so great an extent as to prove that the coal 
is ill suited for carriage to any distance, and very liable to decompose. It is 
also rather Bhaly and impure ; and, considering that the thickness of the seam is 
only 3 feet, I do not think it oould be profitably mined. The ooal burns well, 
leaving a grey ash, and appears tolerably free from pyrites. 

There is not, so for as I* can see, the smallest reason for supposing this seam 
to be a repetition of that seen to the south ; the beds do not roll up again, and 
the two coals differ essentially in thickness, mineral character, and in the nature 
of the overlying rooks. 1 

Some shales seen in the nala, jnst above this spot, are so ferruginous that 
they might be used as an iron ore. The ferruginous portion does not, however, 
appear to be of any great thickness ; all that was seen was a band a few inches 
thick and somewhat variable in the proportion of iron contained. 

III. Ohenda seam.— 1 The next locality to the westward is in the bed of the 
Pencil river, 4 miles west of Singori, and half way between the villages df 
Ohenda and Digawfari. The river here runs from north to south. So large a 
quantity of the mineral is here exposed in the bed of the river, that it is rather 
remarkable that its occurrence should not have been before, noticed ; and it shows 
clearly the utter indifference of the natives of the country to the subject, since 



187 


VAfcT 8 J blahfoM : pencil River'omdfl*ld # Ckki*dw4r& J district. 


they must have known that coal was worked at Burkoi, only 10 miles away, 
and aa^oient power of inductive reasoning may be supposed to exist, oven in 
the minds of Gcm^,, to enable them to see that the two minerals are identical. 
The spot waMSlmowiL by a gwala to Major Ashburner, after tba| officer had 
offered a reward for the discovery q£ coal elsewhere than at Barkoi or Sirgori. 

The spot is just north of the ford in the Punch, on the road between the 
villages of Chanda and Digaw&ni. About half a mile to the south* trap comes 
in, both in* the river bed and on its banks : to tho south of the trap, near the 
village of Dale, metamorphic rocks occur. Berth of the trap, for a considerable 
distance, no rpoks are seen ; at th* ford the deep red clays and white sands, to 
which 1 have already referred, and which l believe to belong to a higher aeries 
of beds than those associated with the coal, are seen dipping about 80°, to south 
10° west. They are faulted against the Oaxnudas, or coftl measure beds <Aom by* 
and, about 100 yards north of the fault, coal appears on the east or toft bank of 
the river. 

At this spot, Major Ashburner has made a small cut into the ooal to 

Section of eetm end thickness MOfrtain its thickness ; this cut exppMS the follow- 
of coal. ing section 


Shale, decomposed, about 

Coal ditto 

Stole *• 

Coal, rather stoly in places, but generally of fair quality 
Shale, in ports very carbonaceous and containing layers of 

goad coal 

Coal of good quality 


it. Ia. Ft. In 

& O 

1 0 

1 3 

7 O 

2 0 

4 3 

15 6 


of which 12 feet 3 inches consists of coal. 

Immediately to the north, a trap dyke, running east and west, and about 
80 yards broad, crosses the soam. This great mass of igneous rock has tilted 
up the seam slightly to the north, but does not appear to have much affected 
the coal. Tho seam re-appears just north of the dyke, dipping north, at first at 
an angle of about 10°, but, immediately beyond, at a much lower dip, varying 
from about 8° to 5°. For about 150 yards from the dyke, the outcrop of the 
ooal seam occupies the bed of tbe river ; then massive sandstone comes in, appa- 
rently brought np by a small fault, striking nearly east and west, with an 
upthrow of about 20 feet to the north. The sandstones dip to north-10 p «e**t at 
about 5°, and, upon them, about 30 yards farther the ooal seam reappears ; that 
is to say, ooal of great thiokness comes in, and it has every appearance of being 
the same seam. If not, two very thick seams must here occur, ow above the 
other, and separated by only a few feet. The coal seam continues to crop out in 
the bed of the river for a short distance, when it to covered by the overlying trap, 
which forms both the bed of the stream and the hills on its banks* This trap 
continues for a considerable distance up the rivpr. 


r 
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The accompanying sketch aooto wiH nerve 
to show the manner in which this coal stain is 
exposed in the Pench. 

On the east bank of the rivfc* is a rich alluvial 
and highly cultivated plain, in which no rocks are 
seen, until hills of trap rise close to the village of 
Chenda, half a mile away. To the west, the coal 
is seen in a small nala, about 150 yards from the 
bank of the river. The spot I believe to be 
north of the small fault mentioned, as repeating 
the seam in the river. 1 could* not trace the 
soam further west, nearly ell the rooks being con- 
cealed by surface deposits. 

The quality of the coal is fair throughout ; the 
^ lower 4 feet 8 inches 

Quality coal. seam, especially, being 

of very good ooal, brighter and purer even than 
that of Sirgori, bat containing much more pyrites. 
It burns with rather less flame than the Sirgori 
coal, and leaves a grey ash, reddish in parts. 
The smaller quantity of flame is, doubtless due 
to the Ohenda coal being taken from nearer the 
surface, and partly perhaps to the vicinity of the 
large trap dyke to the place from which the coal 
was taken. 

Whether this coal can be mined profitably or 

Mining prospects of the no ^» depends upon its 
locality. continuance to the north 

under the overlying trap, and this continuance 
can only be ascertained by mining or boring. 
Very possibly the trap is of small thickness, and 
in that caBe the ooal should be found beneath, 
but the base of the trap is too irregular for any 
opinion to be formed of its thickness from surface 
examination. 

In any case, however, an enormous quantity 
of fuel could be quarried from this spot, for quar- 
ries could be made along three lines, as far as the 
outcrop of the ooal extends — 

/if.— -South of the trap dyke. 

North of the trap dyke, sad south of the * 
fault. 

3rd . — North of the fault. 

No quarries, however, should be made along the 
third line, especially in the neighbourhood of the 
river, if deep ruining to the north bet found prao- 
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tionbte. A large proportion of the oo&l would, of course, be inferior and chiefly 
suited for local purposes, but the lower portion of the sf&m would probably be 
sufficiently good, Ur railway locomotives, and would bear carriage to a distance. 

Taking the whole eiroumstanoes into consideration, it does not appear to me 
that this locality is so promising as Sirgori. At the Penoh there is probably 
a thicker seam of oofcl— indeed the thickest ab yet known to exist in Central 
India; the quality is good, and the dips are highly favourable, but the rooks 
appear to be much cat np by faults and tiwp dykes. If the coal is to be mined, 
it will be beneath very hard trap, entailing somo expense in boring and shaft 
sinking, and the quantity of water met with is likely to be large. But if the 


coal does continue beneath the trap, its quality will assuredly be far better than 
in the section now exposed, (provided only that some sandstones dr shales inter** 
vene between it and the trap, which is probable,) and it will be well worth the 
Locality for borings to prove expense of a few borings to ascertain this. The 

continuation of coal. spots for boring would be in the bed of the rivet, 

150 or 200 yards north of the place where the coal disappear beneath the trap, 
and at the base of the hills to the east and west of the same spot. 


IV. Harrai seam. — At the village of Harrai, 2 miles south-west of Digaw&ni, 
coal was found in a well sunk for irrigation. After draining the well of water, 
however, we found that mud had accumulated to so great an extent in the 
bottom as to conceal the coal. There would have been considerable delay in 
clearing this. 1 cannot, therefore, state the prospects of this seam. The spot 
is close to the continuation of the large fault already noticed in the Pench, 
which brings down the red clays and their associated sands and limestones in 
the same manner at Harrai as further east. 


V. Rdwanwdra seam. — About a mile north of the last, and half mile south- 
west of the village of Bdwanwdra, the following section is exposed in a nala:— 


Ft In. 

Shaly sandstone 4 0 

Fine compact sandstone 2 a 

Ft. in. 

Coal 20 

Sandstone, shaly in parts 18 

Carbonaceous shale and coal 0 4 

Sandstone, with streaks of coal .... 0 7 

Carbonaceous shale and coal .... 0 6 

Dark grey carbonaceous sandstone ... 0 4 

Carbonaceous shale 0 8 

Coal ••••••*• 2 4 

7 0 

Carbonaceous shale 0 6 

Grey shale (bottom not seen) 2 0 


Total . . 36 0 

Here there aro only 3 feet 4 inches of workable coal, divided into two parte by 
3 feet 8 inches of sandstone and carbonaceous shale with threads of coal in planes. 
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The dip at the outcrop is about 7° to the north. To the south there appears to 
be faulting, and the underlying rooks are not seen. On the" west, coarse sand- 
stone dips at 15° to north- 10°-east, while to the north-east sandstones, overlying 
the coal, are seen nearly horizontal. 

The coal appears to be of fair quality, but has not been out into. A small 
quantity, dug from the outcrop, burned well, almost without flame, and left a 
grey ash. The seam, however, appears too thin to be worth working, especially 
in the neighbourhood of other and much thicker beds. 

VI. liawanioara seaw, No. 2. — About a mile west of Bawanwdra, coal again 
crops out in a nala ; the precise thickness is not seen. At one spot there is only 
1 foot of coal with shale above and beloft ; dip 10°, to north- 20°- west ; 30 or 40 
yards further west, 3 feet of coal iB exposed, divided into two parts by about 2 feet 
of shale ; and a few yards further, 2 feet of coal are seen, all dipping in the same 
manner as in the first instance mentioned. The two latter may belong to the 
same seam, the top not being seen in the latter case, and neither top nor bottom 
in the former. The whole section is very ill seen in a narrow nala, and a small 
shaft on its north bank would be necessary to prove the thickness of the coal 
seam, its quality, <fcc. So far as I could judge, the seam did not appear to be of 
any great thickness. 

VII. Parasaia seam. — The next place examined was about threo-fourtbs of a 
mile west-south- west of the village' of Parassia. Outcrops, apparently of the same 
seam, are seen in throe places within a few yards of each other. No dear section 
is exposed. The coal dips to the north, and appears to be about 5 feet thick, but 
it is so crushed and decomposed that nothing can be clearly made out. The top of 
the seam is not seen, and the thickness may exceed that above mentioned ; there 
is much appearance of faulting. On the whole the conditions are not promising, 
but without a small shaft or boring on the north side of the nala, nothing can be 
determined with certainty. 

VIII . Bhandaria, mm.— Rather more than a mile south-west of Parassia, 
and on the boundary of the village lands of Parassia and Bhandaria, several 
small scams of coal are seen in the Gogra nala, dipping about 10° to north-10°« 
west ; the dip becoming more westwardly down the nala, which runs towards 

'the east. The section is rather difficult to measure exactly, being somewhat 
broken. It appeared to he the following ; — 


1. Coarse shaly Bandatono . . • . • 

2. Shale, top not seen 

3. Coni * 

4. Sandstone of various colours, yellow, red, and black 
6. Coal, very good (the base is concealed by gravel, j 

and the thickness may be a few inches more, j 
hut ouly a few inches) j 

Sandstone 

7 Carbonaceous shale 

8, Sandstone 


• many foot, 
Ft. In. 
2 0 

Ft. In. 

1 O 
1 8 

2 6 
3 fl 

o a 

0 9 
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9. Carbonaceous shale 
lfi. i**\h wy good 

n:W' . . 

19. Sandstone 
19. Coal 

U Shale \ . 


TOTAL 


Ft. In. Ft, In. 

0 f 7 
8 1 9 
0 6 
0 8 

0 6 IS 8 

0 9 

17 4 


Or the coal seam, from the top of No. 3 to the bottom of No. 13, measures 15 feet 
2 inches, of which 7 feet 3 inches is coal, in general of excellent quality. Jturt 
below this a tarn in the naia brings in the thickest seam, No. 10, again, and its 
thickness is correctly seen in a vertical bank .* it then consists of—* 


No. 9 Shale 
r Coal 
10 < Shale 
C Coal 


n* In. 

1 0 
0 2 
8 6 


Total 4 8 


The difference (1 foot 5 inches) in the two measurements may be duo to error 
in measuring a broken, ill-exposed seam in a nala in the first instance, or to the 
seam having thickened in the interval, about 30 yards • the latter, I think, the 
more probable, as seams like this, much interstratifled with beds of sandstone, 
are generally somewhat irregular in thickness, and often excessively so. Indeed 
the whole section recalls the irregular beds of the western portion of the Baniganj 
coal-field in several respects. 

Thirty or forty yards down the stream, the outcrops of two other small 
are seen, but neither exceeds 18 inches in thickness. They are beneath the above 
seotion, 15 to 20 feet of sandstone and shales intervening. Ascending the 
also, to the east, and 20 to 30 feet above the section measured, a thin, very shafy 
seam is met with. 

Whether this locality is workable or not, depends mainly upon the. constancy 

Mining prospects of the or otherwise of the seams in thickness, which mnst 
locality. be determined by boring or by driving galleries on 

the seam. The coal appears excellent ; the dips, though higher than in some 
other localities, are not unfavourable ; but there is the important drawback, that 
witb the good coal a considerable mass, equal to the coal in bulk, of useless rook 
intervening between the seams must be dug out, which would much increase the 
cost of working the coal. 

ZX Bhutaria seam.— Close to the boundary between the village lands of 
Bhutaria and Bhandaria, about a mile west of the former, and barely half a mile 
oast of the latter, is the next locality where coal has been found. The seam dips 
to the southward or to south-east at about 5°. The outorop is obscure. I dug 
out the top of the seam, but under 1 feet 4 inches of splendid coal I found a thick 
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bed of shale, very hard and difficult to out. After sinking into this for 1 foot 
10 inches, 1 tried another spot, a few yards further east, where the coal re-appeared 
in the nala, though the top was not seen. Here I sank a *mul[1 hole to a depth 
of 4 feet 6 inches, without reaching the bottom of the coal. Including, therefore, 
the abovementioned seam of 1 foot 4 inches, there is, at this spot, a minimum 
thickness of nearly 6 feet of coal. It is of fair quality, and burns well ; but the 
lower portion contains a great quantity of iron pyrites, and even the upper 1 foot 
4 inches, when burnt, leaves a reddish ash. This, however, appears to be the only 
drawback. Very little can be made out in the adjoining ground, but the dip 
is low and favourable. 


About a quarter of a mile to the east in the same nala, the top of an outcrop 
perhaps of the same seam can be traced for at least 100 yards. 

X. Barkoi seam, — The next spot to the west is Barkoi. Here alone have any 
workings taken place, and even here they have not been extensive, consisting of 
one small quarry. The opening made, however, is sufficient to enable a better 
judgment of the characters of the seam to be formed than in most of the other 
places mentioned. 

The coal was first observed on tho banks of a nala which runs from north- 
east to south-west, just south of the northern portion of Barkoi village. The 
quarry is north of the nala, and exposes the following section : — 

Ft. Id. 


Earth 06 

Sandstone . 8 8 


Shale (generally decomposed) 6 9 

Ft. In. 

Coal, decomposed in the quarry, shaly towards tho top 2 4 

Shale, variable, about ...... 0 2 

Coal 6086 

Shale becoming sandy below. 

19 0 


The total thickness of coal is thus 8 feet 4 inches, but the uppermost 1 foot or 
18 inches and the bottom 1 foot are very shaly, and there appeared to be about 
6 feet of good coal. In the quarry as at present worked, there is less than this, 
for the upper portion is too much decomposed to be of much value, and not more 
than from 4 to 5 feet of marketable coal is obtained. None of the coal quarried 
can, of course, be equal in quality to that whioh would be obtained if it were 
mined from a greater depth below the surface. The dip is to the south-south- 
west, and does not appear to average more than 8°, though amounting to as 
much as 5° in places. 

On the south side of the nala, massive felspathic sandstones overlie the* coal. 
Auociated rock, and geologi- The y traced to a considerable) distance, and 

cal characters of nmghbouthood. are well seen in another small nala to the south, 
f oi able extent of seam. -which cuts deeply into them. To the north, the 
coal doubtless crops out dose by and is lost. There is no indication of its recur- 
rence in this direction, though the beds roll and are unstoady in their dip. 

To the* west, or rather south-uest, down the little nala, the goal can be 
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traced for a abort distance, and about 150 yards below the quarry*, north- west* 
Mr. Adams, the agent in charge, sank a small pit at’my suggestion, and came upon 
coal At the depths. ? feet ; this gives a fall of about 20 feet m 130 yards ; but as 
the direction of the nata is not quite the same as the dip of the coal, the latter 
being more to the south, the inclination is in reality rather 'greater. To the 
east and north-east, thd coal can be traced for some distance. About 150 'yards 
from the quarry, there is a small fault with a throw of, apparently, not more than 
15 or 20 feet, striking north-west— south-east, which brings down the coal to 
the north-east. At least such appears to be the case, though the seam beyond is 
immediately covered by sandstone instead of by shale. This slay be due to the 
decomposition of the shales in the nab bank, and to tho sandstone sinking bn the 
coal, or to local unconformity* at the period of formation of the Ooal-r-a vssjy 
frequent occurrence in coal measures. Atfthe mm time the seam may be different. 
The section thence to the east is ill seen; the naia is small and choked with 
blooks of sandstone ; but about 200 yards beyond the fault the coal re-appeara,* 
perhaps brought up by another little break. * 

In a nala which passes by the southern portion of the village of Barhbi, 
south-east of the coal outcrop, a poor section of the beds is seen, the greater 
portion consisting of coarse felspathic sandstone, similar to that overlying the coal. 
One small outcrop of a coal seam, 6 inches thick, is met with. Tho bedB have no 
distinct dip ; they are, apparently, slightly inclined to the south. There is no 
reason for supposing the small outcrop to be in any way connected with tho 
Burkoi seam. In all probability it is much higher in the series, and the Barkoi 
seam, if constant, which there appears no reason to doubt, should underlie all 
these beds. In fact, there seems every probability of its existing nnder a con- 
siderable tract of country. 

The quality of the Barkoi coal is much the same as that of the others do- 


Qualifcy of coal. 


scribed. It is less bright than the Ohenda coal, 
but it is undoubtedly fair fuel. It, however, con- 


tains a large proportion of iron-pyrites, more than any of the other seams, except 
perhaps that of Bhutaria (and this has not been sufficiently cut into to deter- 
mine). The lower portion of the seam appears, however, to contain leas pyrites 
than tho upper. In the coal now extracted from near the surface, the pyrites 
has, in great measure, decomposed, leaving the joints of the coal lined with 
peroxide of iron, and a white offiorescenoe (P sulphate of alumina) frequently forma 
on tho surface. Both of these tend much to injure ite appearance. The coal 


ignites with great readiness, and burns very freely with much flame. The ash is 
in parts deep rod, in others only reddish, and in some cases nearly white* 


Despite the considerable proportion of pyrites contained* this coal does not 
appear to decompose rapidly whep exposed. In some heaps, which have been 
lying on the snrfaoe exposed to the weather for two years, the ooal has not split 
up or broken to any extent. 

The workings hitherto, as I have stated, have been but small* The oir- 
cumstances under which the seam occurs ere, I am 
iKinlng prospects. inclined to believe! very favourable for mining j the 
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dip is low, and although faults occur, they appear to be of small amount The 
shale and overlying massive sandstone would form a good rod in fill probability* 
There is nearly a mile of gently rising ground between the -outcrop of the Coal 
and the hills to the south, so that, if the seam be continuous, a colliery may be 
worked for many years before it is likely to be necessary to sink shafts to any 
great depth. In this, as in all collieries, however, some preliminary exploration 
by boring is desirable before any large outlay in shaft sinking and erection of 
steam engines is undertaken. 

Any coal that may exist to the north of the nala may as well be quarried 
as the quarries there would not affect deeper workings. South of the nala 
quarries would be objectionable, as if deeper workings are commenced, the 
quarries will tend to increase the quantity of water met with. 

IX, Qogri or Hingladevi seam . — The last place that I visited to the west* 
ward was about 2 miles west of Barkoi, in the lands of the village of Gogri, 
and close to a small jungle shrine known as Hingladevi. Mr. Adams showed me 
the spot, and, at my request, set workmen to dig into it. Thoy had reached the 
depth of 4 feet 10 inches from the top of the ooal seam, when I saw the spot a 
second time, all the thickness being through coal. The excavation was continued, 
and beneath 9 inches of shale was found 6 inches more of coal, beneath 
which shale recurred, and below that again sandstone. I was informed of this 
in a letter from Mr. Adams, accompanied by specimens, which reached me after 
I had left the coal-held. I do not quite understand whether the upper portion 
Of the seam exceeded 4 feet 10 inches or not ; but there must be a seam of above 
5 feet of coal. It apparently dips at a low angle to the south. 

The coal appears of fair quality, though shaly in parts. The outcrop is in 
the bed of a small nala running between low hills, but with ranges of greater 
height to the south and south-east. In consequence of the unevenness of the 
ground, the spot is not so well suited for mining as Burkoi. 

Besides all the above localities, coal is said to have been found in a well at 

_ , . the village of Pal&chaori, north of the last described 

Coal at PaUch&brL looality .i 

The above details will, I think, serve to show that these discoveries of coal 
Importance of the discoveries seams are the most important that have been made 
of coal fleams. in India for many years, amongst all the previously 

known ooal localities in Central India ; to the west of the meridian of Jabalpur, 
there are but two seams, both at Mop&ni, in Narsinghpur district, which exceed 
4 feet in thickness. Hear the Penoh, within an area of 16 miles in length from 
east to wait, no less than six (or, including Bhandaria, seven) localities have now 
been discovered in which seams exoeeding that thickness occur; and when it i^borne 
in mind that, with two exceptions only (Barkoi and Hingladevi), the whole of 
these localities have been discovered since the month of October last, and solejy 
through the researches of Major Ashbumer, I think it is only reasonable to 
believe that many other workable seams may still remain undiscovered in this 

1 Since my departure, Major Ashburner inform* me that he ha* discovered two other place* 
where coal occur*. * 
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neighbourhood, and that there is every probability that this portion o| the 
great SAipura coal-field equals, in mineral wealth, the coal-fields of the Damuda 
vidley in Beng^ 

The circumstances under which the coal occurs, appear, in moat instances 
Favorable condition* for min* to be favorable to mining enterprise. Tbe dips axe 
. inff* • very low, and, so far aa a judgment can be formed 

from the very imperfect sections exposed at the surface!, there appears good 
reason to anticipate that both the quality and thickness of most of the seams 
will be found constant, at all events over a considerable area. Faults are 
numerous, but the majority do not appear to be of sufficient amount to affect 
mining operations injuriously. It is probable that these faults will be found to 
decrease in number, Ah^ greater the di stance from the fault bounding the coal 
measures to the south. 

The quality of the coal, so far as a judgment os * be formed by inspects 
Q f . and by burning it in heaps, is similar to that of the 

7 ° coals of Rumgafej, and other mines in that nrigh* 

bourhood. It is a free-burning, non-caking coal. It is decidedly inferior Id the 
better qualities of English coal, both on account of the larger proportion of ash 
and of the lower percentage of fixed carbon. At the same time, I see no reason 
for doubting that, for railway purposes, the Pench river coal is perfectly adequate ; 
it is just as well suited as the Ranigauj coal, with which the Fast Indi an 
Railway was worked for some hundreds of miles, and I believe that for all local 
purposes, or for fuel for stationary steam engines, it is excellently adapted ; 
while for the manufacture of iron, the freedom from pyrites possessed by the 
Sirgori seam, if found to be constant, should give that coal advantages over most 
other Indian coals with which I am acquainted. 

The question may possibly arise, whether some or all of the seams discovered 
discovered probably ma J n °t be identical. Without a much closer 
distinct. examination of the countiy than it has been possible 

to make hitherto, it would be impossible to answer this question precisely in 
every instance ; and, even were an exact survey made, the large area of ground 
covered and concealed by trap, and other formations more recent than the coal- 
bearing rocks, would render the tracing of each seam a hopeless task, until 
mining operations had advanced considerably. But there can, I think be no 
question that the majority of the seams are quite distinct from each other, and 
I have not been able, in a single instance, satisfactorily to ascertain that any 
seam examined was identical with one seen elsewhere. 

Amongst the .localities I have described above, I am disposed to believe that 
Localities best suited for those best suited for mining purposes are Sirgori, 
mining 1 . Bhut&ria, and Barkoi ; but further explorations by 

boring, as I have shown above, are desirable in every instance. The availability 
of the splendid seam on the Pench, at Chenda, depends, as I have above st&ted, 
on its continuance to the north, beneath the trap in the river. Further exploration 
is required at Parassia, and it is extremely desirable that the thickness of the 
seamB there and at Bhutaria, and, above all, at Sirgori, should be ascertained at 
once. 


0 
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With this report I send for analysis fair specimens of the four principal 
seams named, vis., Sirgori, Chenda, Bhntaria, and 


Specimen* Bent for analysis. 


Barkoi 1 ; those from Chenda being taken from the 


Climate of district. 


lower 4 feet 3 inches coal, which is the best part of the seam, and which in the 
cutting made was least injured by surface decomposition. The specimens from 
Barkoi are also from the lower part of the seam, for the same reason. In com- 
paring the results it . should be borne in mind that the coal from Chenda, Bhutaria, 
and Barkoi, is outcrop coal, and that fuel of a superior description will, doubtless, 
be obtained, by mining— fuel, however, which may probably contain more snlpbur 
and gaseous ingredients, while the coal from Sirgori is mined from 30 feet below 
the surface. It should also be remembered that the present specimens are small 
fragments, broken from various parts of the seam, for the purpose of obtaining 
a fair sample of the whole. 

Apart from geological conditions, the circumstances of the country are, I 
think, favorable for the establishment of collieries, — 
the country being high, the climate is cool, and 
well suited for Europeans, except for two or three months, during which, owing 
to the prevalence -of jungle, it is feverish. 

The population of the district is chiefly Gond. These people are indisposed 
to work regularly, and labour for hire may have to 
Uppy Ur * be imported. But guasi-aboriginal tribes like tho 

Gonds, if kindly treated, are excellent labourers, and are likely to become 
good miners, being superior in physique to the average labourers of Central 
India. The miners at Baniganj belong exclusively to races allied to the Gonds, 
Bhonris, Santals, Ac. 

The immediate neighbourhood of the Pencil river is fertile, and the villages 
are numerous ; away froin its banks, the population is sparse, and the greater 
portion of the country covered with jungle. 


Camp , Betul district, 
March 10th , 1866, 


Fixed Carbon. Volatile matter. Aeh. 


1 Chenda 61 16 23 

Barkoi m 26 287 

Bhntaria 49-3 26*5 242 

Sirgori , . v 61*6 28 10*4 
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Note on borings for coal at Engsein, British Burma : l 

By R. Romanis, D.Sc., F.G.S.E. 

' A company being engaged in exploring the post-tertiary strata at Engsein, 
about 6 miles from Rangoon, for coal, I took tbe opportunity to examine tbe 
specimens brought up. 

The surface consists of sand loosely cemented together by peroxide of iron. 
Throughout this bed there are found nodules and bands of- a hydrated' peroxide 
of iron containing manganese. This bed of yellow-sand passes into a bed of grey 
sand, evidently the same before the iron in it has become peroxidized. 

• Below the sand is a considerable depth of a fine clay, like pipe-clay. From 
this one or two fragments of stone were brought Up, which, I am informed, are 
called “ boulders ” by the borers. 

I was puzzled to account for their presence. They are composed of a crys- 
talline rock of comparatively small density ; with a glass I observed small reddish- 
brown crystals like garnet. There are no traces of volcanic action in the 
neighbourhood so far as I know, and it is not easy to see how they could 
hdve been brought into their position. They may have been shot from some 
former sub-marine volcano now concealed beneath the alluvium of the delta, or 
they may be fragments of a meteorite. I have not yet analysed them.® In this 
bed, too, were found casts of the roots of some plant, apparently a water-lily. A 
thin seam of- lignite, about an inch in thickness, was passed through. I shall 
take an early opportunity of re-visiting the borings. 

I understand that a friable sandstone underlies the clay, and that this crops 
up to the surface at a short distance to the north, and that a new boring is about 
to be commenced to explore the strata below. 


On Sapphires recently discovered in the North-West Himalaya : 
by F. R. Mallet, F.G.S., Geological Survey of India, 

Some excitement has been caused of late in Upper India by the discovery, 
in the region beyond the snows, of stones concerning which the most conflicting 
accounts have appeared from time to time. At first they were described as 
amethyst, or as blue quartz, subsequently as sapphire, and later on as amethyst 
and as sapphire again.- 

An equal amount of uncertainty has prevailed as to .the locality from which 
the stones have been obtained. The discoverers, naturally enough, have not 

1 Frequent mention having lately appeared in the newspapers of a discovery of coal near 
Rangoon, some information on the subject would naturally be expected from the Geological Survey 
1 had endeavoured, officially and otherwise, to ascertain the locality of the exploration and the 
facts upon which it was based, but without success j so the notice (communicated unsolicited) by 
Dr. Romanis is very welcome. I need hardly add that it only increases our curiosity as to what 
can have led to the search for coal in such ground. — H. B. Mkdliooxx. 

* In a later note Dr. Romanis adds— 1 “I have analysed the so-called boulder and satisfied - 
myself that it is not of igneous origin, but there must be some' mistake in the account ! received 
of the. way It was found.** 
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felt particularly eager to impart their secret to the rest of the world, and hare 
perhaps not dtspl%3d any remarkable energy in correcting such false reports 
as may hare arisen. There appears, however, to be little doubt* new, that they 
are? found in the neighbourhood of Padam in the Zlnakar District, within the 
territory of Kashmir. t The discovery seems to have been due to a landslip* 
which laid bare a new face of rock in which some of the blue stones were 
visible* On working into the rock large quantities were subsequently extracted. 
The first lots of the mineral that were brought across the snow are scud to 
have been sold at extremely low rates, owing to the ignorance of the carriers as 
to their value. Now, however, the gems are fetching high prices, Bs. 85 a tolah, 
having, it is said, been offered at Simla, while for individual specimen* consider- 
ably higher rates have been declined. It wae stated some time ego that the Delhi 
jewellers had bought up more than two lakhs (20,000£) worth of the stones. 

As it was desirable that the real nature of the mineral should be ascertained 
beyond doubt, two specimens, obtained at Simla, were recently forwarded to 
this office by direction of the Punjab Government : one of these weighs about 
250 grains, the other about 110. The larger is in part transparent, and of a rich 
blue tint, partly bluish- white and translucent. The smaller is almost wholly of 
the transparent blue variety, but shades into brown in one or two spots. The 
physical and chemical characters of the specimens show conclusively that they 
are true sapphire. The specific gravity of the larger piece was fonnd to be 3 959 
and of the smaller 3*961. 1 The mineral scratches topaz ; is infusible before the 
blow-pipe; and when fused in powder with acid potassium sulphate, and dissolved 
in water, yields a bulky precipitate of alumina with ammonia. 

Of two other specimens, subsequently sent, which were obtained by the 
Assistant Commissioner of Kulu, one is a doable hexagonal pyramid (probably 
4P2, but with irregular angles) terminated by the basal planes. There are four 
or five smaller crystals of sapphire attached to, or embedded in, it. The crystal 
is 2$ inches long and weighs rather more than 800 grains. It is bluish-white and 
translucent, with transparent blue portions irregularly mixed. The other speci- 
men is about an inch and a quarter long and seven-eighths of an inch diameter 
at one end. It constitutes one-half of a donble hexagonal pyramid (2P£), which 
has been broken across near the centre. The fracture displays a cavity of consi- 
derable size in the interior, containing two crystals of tourmaline. One of these 
is of comparatively large Size, but showing no well-defined faces ; dark-brown 
in qolour, and semi-transparent. The other is very much smaller, but well- 
crystallised (ocP2. ocR. R.), and transparent, the body of the crystal being 
light brown, and the termination indigo-blue. 

I have also had an opportunity of e x am i ni n g a consignment of the gems 

i The specimens ere thinly coated in placet by a white mineral (with minute botryoidal sur. 
fa ce ), which may be" gibbsite, but there is too little of it for satlifaetory determination; sad on 
the surface of tbs larger one there are two or three minute crystals of greenish tourmaline. The 
presence of these minerals iutioduces a slight error into the above. gWen specific gravities, for the 
sapphire alone. This error, however, probably does not exceed 1 in the second place of decimals, 
and reduces the apparent below the true value. Although the amount of foreign matter on the 
— specimen It much less than on the other, the observed specific gravity is higher by only *O0& 
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a considerable number of crystals, one of the largest and best formed of which 
was a double hexagonal pyramid terminated by the basal planes (4P2, 09.). 
It measured 3* x 1 j* x l£* f and, like all the others, wan bluish-white and trans- 
lucent, with transparent blue portions irregularly mixed. The blue parts of 
course constitute the valuable portion of the crystals, and are carefully out out 
by thp lapidaries* while the bluish- white are scarcely entitled to the name of 
sapphire, and would be more appropriately designated as corundum. A oonsi-’ 
der&ble proportion of the specimens contained small crystals of dark-brown 
tounrialino, which seem to be most common in the interior and near the centre 
of the sapphire crystals. 1 

1 Since the above was in print, the following letter has been received from the Revd. A 
W. Heyde, the Moravian Missionary for many yean resident in Lahnl, than whom no one is more 
likely to receive correct information 1 on ms subject 

Letter from the Ram. A W. Hams, Moravian Mi an ovary, dated Kyilemg (vit Mangra and 
JEiMjk Pi mjdb, ike 18th April 1888, 

Owing to the fact of my being shut up by snow during the winter months, a letter from 
Mr. Lydekker, of the 21st of February, reached me only four days back. He writes for information 
regarding t he bine stones which have lately been found in the neighbourhood of Lahul and sold 1 
in large quantities, chiefly by Laholies, at Delhi and elsewhere, 1 have gathered what information 
l could. 

The place from which all the bine stones which have come into the market till note have been 
token, is, according to one informant in Padar [Padam], about half a day’s journey from the top 
of the Umart Pecs, 2 or S kos to the east of the village of Machdl (which I cannot And on my 
maps). According to another informant, the place is reached best from the top of the Pta tee La* 
between Zinskir and Rangdum. Prom the Pentse La you have to cross the same range which is 
crossed by the Umasi, when you And the spot on the eouthem slope, after having descended for a 
short distance. Tins way is only known to the Zinskir people living, near the Pentse La. The 
jpot is situated as high as the line of perpetual snow where vegetation has ceased. Its 
surftoe is a dark-brown earth, followed by a stratum of a white stuff, resembling, as my informant 
said, M (soda), which is found In tie Hnbra valley. 

Iu this white stratum tegular crystals or shapeless bits, large and small, of the blue stone am 
foa nfl singly and can betaken out " like potatoes ” without any instrument. But when this white 
layer, which does not appear to be thick, is worked through, more or less solid rock is met* which is 
also teas, and from which bits can be taken only with instruments. This information I received 
from differe nt people, two of whom professed to have seen the place. How far all this may he true, 

I cannot tell, though I have no‘ reason to doubt the information as a whole. 

Very interesting is the statement made to me, that this plaoe is not the only one where these 
stones are found under similar conditions. In the immsdUte neighbourhood of the spot described, 
the people knew of two others, in one of which the blue stone is found not below the ground 
Imt in horizontal teams of a large rook, hut alto, as it appears, sumoun ded or embedded in timt^ 
white stag. Another spot where this stone Is said to exist is from 50 to 100 miles or more to the 
cast, or lather southeast, in the eame range, above the monastery of Ssrdan in Zdasklr (a riUagf 
wm by is oslled Pipeha). And only yesterday I heard that a shepherd of Lahul thiakt be 'baa 
men the same stone hers In Lahnl high up In the hills enthe right ride of the Chandra 

o marches upward* from TH Ik* With 1 in this esse, also, it seems, at the height of the me* Una,, 
tMb* if true* would not be In tiw malm range, hot in a Wash of tt* In Red* them stonaa.ww 
aJWtdKdmatWo yearsago. Only lest year be «H other people of 
Pate that flap had someT*!** banting to wtttW te trads 

a mk nvWBWMV of vImA* 
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the JCahMija’* gwdt wS^Vy. bean itathiud to wrtofc art <m pUKW&a&fttfirtuice an wtbU 
to prevent the Inhabitants town taking out and selling tpaei still In gfatiklr large quantities 
of them are «till in the hand* of the people, amongst which*#*^, as* Mid to be mum vary perfaot 
and large crystals— one of them is said to be a foot in length, 

IaVieU haw not mtde an Qty«rt Of buying luoh Mam, faft to* rtf* of 

then, ‘iHie upp» mduf whatjwo^»t^bwnaorf>ulw0^^lf ( ftog ^ ^Sy^<fc, ? 

covered with well-formed amall cryatnla. 

The thick end of onatfar broken largw aiy ^a l l a* k ed fa* rtaut on facH> Mot toyte, 0gitOHtr 
Mug that of a doep-ooloured iherry wine, q&r < hH pggu «, <4» -two dor*. (bli, *)t} ytfew) 
running gradually Into each other, 

I forgot to mention that in tike localities In Bader where the stone is ftm sd » the OMpn v 
pebble in large and email crystals abounds. 

Jewel merchants from the plain* pay hep Ppteent a smohas S* 30 for on* tola if tMfa* 


Notice of a rodent Eruption front one cf tike Hud VolcaiwJjc \ fn Chefabti. 

The following letter from the Commissioner of Arakin to tbe OoTWroment 
of Burma, relating to a fiery eruption from one of ihemud volcano* fa Cheduha, 
is published in continuation of similar records 1 : — 

From QocnwsL B. B. S&anmr, OmmMoner qfArakdm, to tie Seoretary to tie Clirf 
Otmmiseioner, Brvtieh Burma, Rangoon. Bated J&yab t 4tk January 1882, 

1 hate the honour to report a rather interesting phenomenon in connecting wi|h the 
shook of earthquake which was felt at this station on Saturday morning last, Jhe film 
December, 

1 The vibrations commenced at about 7-65 ▲.¥„ and were continued at intervals from 
ten to fifteen minutes* , 

They were not severe, hut doors find window* of houses rattled; furniture was made tb« 
undergo a see-saw movement, and pendulum clocks in some instances stopped. 

8. I was myself at the time on board the & S. MahraUa, off the mouth of the Sapdo- 
way dyer, and the point of interest in relation to the earthquake ^S, tfigt, simultaneous 
as regards time with its ooourrsnoe at Akyab, we were eyewitnesses of one of those r i^spt 
voloanio eruptions wbidh have already been observed to take place on some of the Motile 
tying off this coast during the great earthquakes of 1888 and 1888.* 

4 In tke present instance, the eruption occurred in one of the extinct voUasoci peer 
the southern extremity of Ohsduba Island. 

t A* wS wtiw lying at anchor at the time off the mouth of the Sandowsy tirm^ mpx0)t 
hate been about 80 miles from the scene of the volcano; hut even at this diatom a denes 
column of smoke and broad mami** team of fire were seen to rise, as it wM* tart tip* 
horiaon, and stretched far up into the distant shy, ^ 

Viertd c*a#$y the sight was a magnifioent and imp me*}* to, owing ie the 

great voluto of fiv*SaM the imnww rote XfolKcCMh^ 

* Fell, »> tW) Bf, Wi MU, 808; X%% l* 

I Veh Xt, pp. 1V7, 808, 
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I be eruption in 1883, aays that the flames issued to the height of wrnral to*fjr*d 

the description given in Silhm&n’t ^jjnroal of a similar eruption in 1888 i# to the ftfteftfc that 

“ fire mingled with smoke and ashedisUe to a flatful bight.” 

6. In these two instances the oWervers Were within 3 or 4 mSes o t the eruptions. In 
the present mstanoe, we were 33 xn&es in a straight Hne from the scene of thfe eruption, and 
at that distance, the flames, as seen by us, appeared at times to reach half -way up from the 
horizon to the sky, and to have a lateral i apparent) breadth of from 90 to 40 feet 

They continued to issue forth with greater or less effect for about 15 minutes, and then 
suddenly disappeared $ but the smoke, which had risen in a long straight column, formed 
itself into a vast black canopy, which hung like a cloud in the sky, and was visible for hours 
after the eruption was at an end. 

6. I may mention that the high land of Cheduba was quite visible from where we were* 
and that bearings, taken at tbe time, indicated the scene of the eruption to be the extinct 
volcano known locally as the, "Naga Dwen." 


ADDITIONS TO THK MtfSBUM. 

Dsttd*. 

A collection of vertebrate fossils from Perim Island (see above, p. 104). 

Cimr*. 8imi, 
Smjpdt. tf Marine, Oahu tta. 

Mammalian bones from pleistocene beds of the Jamna valley, in the fi&oda district, 

Mb, Joan Gockbubjt, 

A slab of shale with plant-impressions from the K&iharbari coal-field. 

W. G. OfaFHBBVS, C.% 

Two blocks of English patent fuel. 

Tub Mantis Railway Co. 

A block of cupriferous gneissose schist from the B&raganda copper mine, Haairib^gh, 

* Mm », K**»t 

Specimens of crude asphalt, * boiled pitch,' and 4 glance pitch', from Trinadod. 

Dm 0. P. Bejckmam. 
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Note on the coal of Mach (Much) in the Boltrn pa ss, and of Shardg or Sharigh on 
the JLarnai route between Sibi and Quetta, try W. T. Blank»rjd, F.H.S., S( n ior 
Deputy Superintendent, Oeological Survey of India . 

When on the way, in October 1881, to examine the hill tracts north of Sind 
and wcBt of the Punjab, I received instructions to examine two localities at which 
coal had been found, one on each of the routes between Sibi 1 and Quetta. One 
of theso localities, that at Mach on the Bolan route, had already boon visited and 
described 2 * by Mr. Griesbach, but after his examination fresh discoveries wore 
made. As will be seen howover, my conclusions as to the value of the coal seams 
are practically the same as Mr. Griesbach’s. The other locality, Sharag or 
Sliarigh on the Harnai route, along which it was at one time proposed to lay a 
railway to Qifbtta, and which lies to tho eastward of the Bolan pass, had not 
previously, so far as I am aware, been geologically examined. 

My visit to both localities was necessarily very brief, but still I think suffi- 
cient to enable me to judge of the probability of thoir affording fuel on a large 
scale. My opinion, I regret to say, is unfavourable. 

It is unnecessary hero to enter at any length into the geology of the beds 2 . 
Mr. Griesbach has already shown, quite correctly I believe, that the coal of Mach 
bolongs to the lower part of tho eocene system. The position of the Shar&g 
beds is not so dear 4 , but that they belong to the same system is unquestionable. 
The similarity in mineral character of the beds associated with the coal 4 in both 
localities is so great that there is probably very little, if any, difference in age ; 

I The terminus at present of the railway. 

* Report on the geology of the section between tho Bolan pass in Biluchiitan and Girishk in 
Southern Afghanistan, Mem. Geol. Surv. India, Vol. XVIII, Pt. 1, p. 22. 

I I hope to be able to give a fuller account of the geology of the country in a future report. 

4 I had not time to examine fully tbe surrounding country. 

* It may be possibly questioned whether tbe mineral found at Mach and Shardg should be 
c&Uod lignite or coal, but as the latter term has been generally used, I shall retain it. The sub. 
stance is certainly not a typical lignite. 
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but the occurrence of coal or lignite beds in the eoceno deposits of Western 
India appears to be local and occasional, and it is not as yet ascertained that all 
such deposits arc on tlic same horizon. 

It will bo well briefly to describe each locality separately, and to commence 
with Mach. 

Mach (Much ). — The camp known as Mach, between Sir-i-BoMn and Ab-i-gum, 
is four marches (about 45 miles) from Quetta, and six marches (about 65 miles) 
from Sibi. The elevation above the sea-level is nearly 4,000 feet. Hills occur 
to the eastward and westward, but for about 2 miles east of the camp, and for a 
much longer distanco to the northward, the surface is nearly a plain, much 
covered by deposits of gravel, and intersected by deep ravines, in some of which 
sections of the rocks associated with the coal are seen. A particularly good 
section is exposed in a stream bed running from the north to join the main Bolan 
river just opposite the Mach camp. This stream is the Maki Nadi of the map, 
and is, 1 think, that called the Mach river by Mr. Griesbacli, on the bank of 
which he measured tho sections given in detail in his report 1 . Here several beds 
of coal occur, but • vory few, if any, of them exceed a foot in thickness at the 
outcrop 2 . 

The beds associated with the coal consist of gro y and olive shales, weathering 
into clay at the surface, sandstones mostly very soft, and a few harder calcareous 
beds, containing marine (or perhaps estuarine) fossils, chiefly bivalve shells 
(Lamcll ibnwclu'ata) in great abundance, but not of many species. The sections 
already mentioned in Mr. Gricsbach’s report afford a general idea of the rocks. 

All the beds are greatly disturbed, and in places irregularly contorted, and 
the dips are, as a rule, very high, and frequently nearly or quite vertical. 

Frfecisely opposite to the camp at Mach, in the bank of the main or Bolan 
stream-bed, a thicker seam was found* after Mr. Griesbach’s visit. Into the 
outcrop of this seam, at the baBe of tho bank, some holes had been made, from 
two of which, only a very few feet apart, coal was being dug at the time of my 
visit. The thickness of tho seam exposed was 2 feet 8 inches in one hole, 2 feet 
4 inches in tho other, as nearly as could be ascertained under tho circumstances, 
the holes being small and irregular, no good face of the coal exposed, and a con- 
siderable quantity of water running in from the gravel in the stream bed. But 
of tho thickness named, the uppermost, 6 to 8 inches, was very shaly and impure 4 ; 

1 Op. cit ., pp. 23, 24. 

2 Many of the seams are excessively decomposed at the outcrop, and would perhaps prove 
rather thicker if cut into. 

* By Captain Johnson, Commissary of Ordnance. This officer had unfortunately left Maoh 
before I arrived, and I found no officer stationed at the post. 

* The following is an analysis by Mr. Mallet 

Moisture ... ... ... ... 7*0 

Volatile matter (exclusive of moisture) ... ... 38'8 

Fixed carbon ... ... ... ... 17*6 

Ash ... ... ... ... 36-6 


100-0 
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whilst the lower, fc foot or rather less, were of better quality. An analysis of a 
fair sample by Mr. F, R. Mallet gives — 


I*br wilt. 

Moisture 1 * * * # ... .. ... l()*f» 

Volatile matter (exclusive of moisture) ... ... 83*1 

Fixed carbon ... ... ... ... 41*0 

Ash . . ... ... 150 


1000 

The ash is red, indicating the presence of iron pyrites in the coal. 

The seam, where cut into, dips about 50° to the north. Ten or 12 feet 
nbovc it is another much thinner bed, and 12 feet higher another, consisting of 
several bands of coal, measuring in the aggregate perhaps 20 inches, distributed 
through 4 to 5 feet of shale. None of the separato bands of coal exceeds 
inches in thickness. Several other thin seams occur higher in the section. 

There is much reason to suspect that the thickness of the principal seam is 
not uniform. It appears to vary in the few feet exposed, and so far as could be 
leamod from the native workmen, who had been engaged in digging coal from 
it, it thins out to the westward. The associated clays can bo traced for some 
distance, but no distinct outcrop of tho thick scam is exposed. In the opposite 
direction to the cast and north-east, all outcrops are concealed by the gravel in 
the bed of the stream. 

Sharag or Sharigh . — The camp and military post marked as Sharag on the 
map, but commonly known as Sharigh, lies at a distance of four long marches 
(about 70 miles) from Quetta, and of five marches (about 80 miles) from Sibi, 
at approximately the samo elevation (4,000 foet) above the sea as Mach, in the 
middle of a plain extending to a great distance to the north-west and south-east, 
and broader than usual, being probably 7 or 8 miles from north to south, at the 
spot selected for the camp. 

The principal place where coal occurs 9 is about 3 miles south ot the post 
and close to the hills forming the southern boundary of tho plain. A small 
stream, the Siah Dad, running from the plain, cuts its way through the hills 
to the southward, and closo to the spot whore it enters the hills a much smaller 
stream runs in from the wost, and exposes in its bed an excellent section of the 
rocks, which are imperfectly seen in the Siah Dad itself. As already mentioned, 
these rocks are similar in character to those of Mach,— soft grey or olive shales, 
more or less sandy, and weathering into sandy clays at the surface, soft sandstones 
and hard calcareous bands containing fossils. All are vertical or nearly so. In 
a measured section of about 370 feet of these strata, there are about thirty beds 
of coal, the great majority less than 6 inches thick, and many only 1 or 2 inches. 
Only four beds equal or exceed a foot in thickness, and of these, two are chiefly 
composed of shales. The thickest seam measures 1 foot 9 inches. Fair samples 

1 Water that is driven off at a temperature of 230° Falir. 

9 1 was more fortunate at Sharag than at Mach, for at the former Major Newport, of the 24tk 

Bombay Native Infantry, the discoverer of the coal, still commanded the post when 1 visited it. 

He took me over the ground and gave me all the information in his power. 
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of this soam (No. 1), tlie quality of which is superior to that of most of the 
others, and of a thinner band 8 inches thick (No. 2), have been analysed by 
Mr. TP. R. Mallet with the following result : — 



No. 1. 

No. 2. 

Moisture 

. 6*8 

30 

Volatile matter (exclusive of moisture) 

. 40-8 

42-8 

Fixed enrbon 

. 476 

46* l 

Asb 

. 48 

81 


100* 

100-0 


No. 1 does not cake, and yields a red ash ; No. 2 cakes to a light porous coko, and 
yields a red ash. 

In another spot, three quarters of a milo further north, and consequently nearer 
to the camp at Sharag, the outcrops of several thin coal Beams are seen in the 
banks of a stream bed. The coal-bcaring rooks are probably the same as those 
to the south, repeated by a roll of the strata. Again, the dip is nearly vertical. 
One bed of coal was seen a foot thick, and of good quality. It was possible to 
trace the outcrop of ill is seam on the surface of the ground for about 250 yaids 
by the aid of a conspicuous band of highly fossiliferouR sandstone abounding in 
bivalve shells, and occurring just above the coal. Within the distance named, 
tho thickness of the coal seam diminished, until it was only represented by a 
layer or two, scarcely an inch thick, in carbonaceous shale. This was the only 
instance in which the outcrop of a coal-bed could be traced more than a few 
yards, and it affords strong presumption of the inconstancy in thickness of 
those soams, — an inconstancy which has been observed in similar deposits 
amongst the eocene rooks of other parts of India and Burma. 

Tho country around Sharag has been searched in all directions by Major 
Newport without any other outcrops having been found. But about 7 miles 
east-south-east of Shardg, on tho road to Ilarnai, three little seams are exposed 
200 or 300 yards north of the road in a small stream running from the north. 
Ono of tho seams is 7 inches thick, tho others 1 to 2 inches. A little further 
on the Hamai road, a thin coaly layer is seen by tho road side. Again, on the 
same road, about 3 miles east-south-east of a small village called Nasuk p and 
12 miles from Shardg, in a section cut by a small stream close to tho road, and 
on the north side of it, four little seams are soou,— tho two upper mere layers, tho 
third 8 inches thick, and tho fourth, separated by 5 inches of clay from the 
third, 3 inches in thickness. In all these cases the beds are nearly horizontal. 
These outcrops, all observed in tho course of a singlo march along the road, render 
it highly probable that many more would be discovered if a thorough exploration 
of the country wore undertaken ; but at the same time they do not add to the 
probability of thicker beds of coal being found. 

The details given above lead to the following conclusions - 

1. Not a single soam has been discovered, either at Mach or Shardg, thick 
enough to pay for mining on a large scale, oven if the thickness of the seam were 
known to be constant, and if other circumstances wore favourable to mining, — 
neither being the case. 
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2. The evidence very imperfect, but so far as it extends, it appears probable 
that the seams are inconstant in thickness, and thin out within short distances. 

3. The conditions under which, tho seams occur at Mach and Sharag are un- 
favourable to mining, though not such as to render it impracticable. In the first 
place, the beds dip at high angles and aro often vertical. There is, however, 
much probability that by search other localities might be found whoro the dips 
are moderate, as in the case of the little soams noticed between Harnai and Shariig. 
Secondly, the associated rocks are so soft that mining ^ould involve tho necessity 
of heavy timbering or of masonry to protect the means of access to the mine. 

4. The analyses given above, and especially those of tho Sharag foals, show 
that the mineral found would be of considerable value, if it. could be procured in 
sufficient quantity. It should be romembered that the specimens analysed arc 
taken from the outcrop, and that at a little depth below tho surface the quality 
of the coni would in all probability be bettor. 

A railway could be worked with such fuel, although the work done would bo 
less than that yielded by coal containing a larger proportion of fixed carbon. The 
quantity of iron pyrites in the different scams is probably variable, but in those 
especially examined, it does not seem sufficient to prevent the coal being used 
for a railway. 

It is evident that a considerable quantity of useful fuel for local purposes can 
be procured from the outcrops of the seams. So far, however, as can be judged 
from tho facts hitherto known, tho supply obtainable is insufficient for a large 
work such as a railway. 


New faces observed on Crystals of Stilbito from the Western GMts, Bombay; by 
F. ft. Mallet, F.G.S., Geological Survey of India. 

During tbe construction of tho Groat Indian Poninsular Railway, when very 
heavy cuttings and tunnels were being driven through tho trappean rocks of the 
Bhor and Thul GMts, magnificont specimens of zeolites wore brought to light in 
great profusion. Tho species occurring most abundantly wero stilbi te, apophy llite, 
lieulandite, and scolccite, all of which were represented by splendid crystalliza- 
tions 1 . Large collections wore made at the time by Mr. W. T. Blanford for the 
Geological Museum, where the finest specimens are now included in the system- 
atic collection of minerals. 

Most, if not all, of the stilbite specimens fall under one or other of four 
types 3 

1st. — Salmon-coloured crystals, generally of considerable Bize— vory 
commonly, for instance, an inch, and sometimes two inches across (in the 
direction oc P oc). They have tho faces oc P oc. oc I? oc. P., and aro not un- 
commonly somewhat (but not highly) shoaf-like, from the aggregation of simple 
crystals into compound ones. They are generally (but not always) implanted by 
one end, and henco usually present only one pyramidal termination. Crystals of 
this type are frequently thickly grouped, occurring either alone, or with apophyl- 

1 Manual of the Ocology of India, p. 304. 

2 Excluding lamellar specimens, in which the crystallization is obscure. 
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lite, which not uncommonly takes the form of minute crystals implanted on the 
surface of the stilbito. Quartz, &c., is also found in the same association, but 
not so frequently. In other casos the stilbite occurs in isolated crystals of the 
type in question, being then very usually associated with large, thickly grouped, 
crystals of apophyllite. 

2nd. — Highly shcaf-like forms, sometimes so much so that viewed on the 
face oc P oc they have the appearance of a fan, or in the comparatively rare 
cases where both ends of the crystal are free, of two fans with the points 
together : the crystals are commonly of considerable size, averaging say one-half 
to one inch across. They are generally thickly grouped, but sometimes occur 
singly. They occur cither alone, or associated with heulandite, apophyllite, 
scolecite, or with crystals of the third type. 

3rd. — Tliin tabular crystals of comparatively small size (more commonly a 
quarter to an eighth of an inch across, sometimes much loss) ; non-sheaf-like, 
or very slightly slieaf-liko in form, and exhibiting the combinations oc P oc. 
oc P oc. P. and oc P oc. oc P oc. oc P. P. They occur alone, and with apophyllite, 
heulandite, scolecite, and perhaps other minerals. In one case small crystals of 
this kind were observed implanted on largo ones of the first type, showing that the 
former were of later formation. The crystals of the second and third types are 
white. 

The crystals of the fourth kind, which are by far the least common, occur 
on the surfaces of cavities which are lined by minute crystals of quartz. No 
other zeolites are associated with them (except in one specimen which includes 
apophyllite). They are salmon-coloured ; of considerable size, averaging say half 
an inch across ; generally tabular and non-sheaf-like, or very slightly sheaf-liko 
in form. Generally they present the faces oc P oc. oc P oc. oc P. P., but in some 
there is also a face replacing the edge between oc P oc and P. The parallelism of 
the edges between this face and oc P oc. & P., respectively, shows that the formula 
for the face in question is m P m. S trice and irregu- 
larities on oc P oc. and P. prevent more than roughly 
approximate angular measurements. For m P m A P. 
the value I52°J was obtained. A more reliable result, 
however, can be deduced from the observation that the 
plane angles formed by the edge between m P m. & oc P. 
with the edges between m P m. & oc Poc. and m Pm. & 
P. (all of which edges are straight and sharply defined) 
are either right angles or extremoly close approximations 
thereto. Assuming them to be actually right angles the 
calculated value of m P m A P. is 154° 35', giving a 
value for m of 2' 5098, or a close approximation to 
Taking m at j, the value of the angle m P m. A P. is 
154° 41, the plane angles formed by the edge between 
m P m. & oc P. with the edges between m P m. & oc 
P oc. and m P m. & P., respectively, being 90° 8' and 
89° 52'. 
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The value of the following angles therefore are — 

iff A P.=154° 41'. 

| f A oc toe. =145° 41'. 

On one crystal there is also a face m t m replacing the edge between J t ® 
and oc t oc. The value of m is much greater than J, but owing to the position of 
the crystal in a cavity, it is impossible to get even a rough measurement of the 
angles between m t m and the adjacent faces, without destroying the spocimen. 

Professor Heddle has noticed the occurrence of a face replacing the odge 
between oc £ oc. and P. on crystals of stilbite from Dumbartonshire, and from 
near Mount Nombi in Australia. Ho obtained tho value 149° 45' to 150 ; for the 
angle m P m. A oc P oc. in the Scotch specimens, and 152° 32' to 153° in the 
Australian. These results, however, he considered little hotter approximations, 
and he felt little doubt that the face was the same in tho specimens from both 
localities 1 . The angles 149° 45' and 153 respectively give a value for m of 
2*9206 and 3*3497, the angle when m equals 3 being 150° 22'. The probability 
therefore would seem to bo that tho face noticed by Professor Hoddle is different 
from that on the Indian specimens. 

The total number of faces, which, as far as I have been able to ascertain, 
have hitherto been noticed on stilbite, are, oc P oc, oc P %c. oc P. P. 0 P., 
which are given in all mineralogical works ; J P oc. noticed by Den Cloizeanx 
on crystals from Bergen Hill (New Jersey) 2 3 * ; m P m (3 P 3 ?) recorded by 
Ilcddle ; | P J and m P m (m having a high value) on crystals from the Western 
GMts. 


On the traps of Darang and Mandi in the North-West Hiinal ayat } — By Colonel 
C. A. McMahon, F.G.S. {with two ylates ). 

The occurrence of intrusivo traps in the lower Himalayas is mentioned at 
pages 21 and 70, Yol. Ill, Memoirs, Geological Survey, and at pages lvii and 
606, Manual of the Geology of India, whilst notices of the trappeau rocks of 
Darang (Drang) and Mandi will bo found at pages 58, 59, and 61 of Vol. Ill 
Pt. 2 of the Memoirs. 

Doubts have at different times been expressed regarding the origin and nature 
of the traps described in this paper. At one time there was a tendency to regard 
them as metamorphic rocks ; and although in the passages referred to they are 
spoken of as ( traps,’ and are described as occurring along a definite horizon, they 
do not appear to have hitherto been recognised as true lavas. The microscope, I 
think, enables ns to set any doubts upon this point at rest. 

1 have examined 26 slices 8 of the trap, of which the ridge to the east of 
Darang is composed, and 9 slices of the trap, in the same line of strike, exposed 
in the bed of the Suketi at Mandi. 

1 Mineralogical Magazine, Vol. IV, p. 44. 

3 Manuel de Minlralogie, Tome I, p. 416. 

3 Prepared for me by Mr. P. G, Cuttell, 62, Now Compton Street, Soho, whoso workmanship 

leaves nothing to be desired. 
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It would be wearisome to the reader wore I to describe each of these slices, but 
I think it desirable to describe several typical specimens in some detail, and this 
I now proceed to do. 

No. I. — A greenish-grey rock : specific gravity 2*89. It has rather a mottled 
appearance under the pockot lens, owing to the alteration of a portion of its 
mineral contents into dclcssite, or a mineral approximating to delessite. A portion 
of the rock is soluble in hydrochloric acid, and the dissolved portion contains 
both ferric and ferrofis oxide. A few crystals of iron pyrites are to be seen. 

Appearances under the microscope . — This slice may be described as a net- work 
of felspar and augite crystals set in viridite, which in part appears to represent 
the original glassy base 1 . 

There are numerous crystals of augite scattered through the slice. Portions 
of each of these crystals have been altered into brownish-green granular matter. 
The portions which have escaped alteration are clear and colourless in trans- 
mitted light and polarise fairly well. They are not dichroic ; several of the 
crystals are twinned, and many of them exhibit the orthodiagonal cleavage lines 
very distinctly. 

Most of the felspar crystals exhibit the characteristic twinning of triclinic 
felspar in polarised light, and their optical properties agree with those of labra- 
dorite. Alteration has been set up in the felspar, and has declared itself by 
the presence of granular matter in the body of the crystals. 

The grouping of the felspar crystals, and the general effect of the slice when 
seen by transmitted light, is illustrated in fig. 1, plate I. It is very characteris- 
tic of an eruptive rock. 

The viridite, in this slice, is of pale green colour. It is feebly dichroic in 
patches, and, for the most part, remains dark between crossed nicols. It exhibits 
little or no fibrous or radiating structure. 

Scattered through the mass is some white mineral matter that is perfectly 
opaque in transmitted light, and which, from its appearance and mode of occur- 
rence, is I think, leucoxene, a product of the alteration of ilmenite. 

No. 2. — A greenish-grey rock. Specific gravity 2*90. It has a Blightly mot- 
tled look under the pocket lens, but minute prisms and irregular cxystals of 
felspar are visible in it here and there. 

Microscopic aspect , — The most prominent objects in the slice are the crystals 
of felspar, of various sizes and shapes, starred about in the field of the micro- 
scope. The great majority are distinctly seen to be crystals of triclinio felspar, and 
the others appear to belong to that system also. They are in fairly fresh condi- 
tion. Fig. 2, plate I, is a representation of a portion of this rock, as Been under 
the microscope by transmitted light. 

Those who are not familiar with the subject of microscopic petrology, may be 
eurprised to find that the prisms of felspar, represented in these illustrations, do 
not present more regular forms. It must be remembered, however, that the princi- 
pal axis of crystals in an igneous rock usually point indifferently in all directions, 

1 This supposition is confirmed by an examination of the basalts of Bombay, to be desciibod 
in my next payer. In the Bombay layas the conversion of the base into viridite can be distinctly 
traced. 
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and a slice made at random cuts the crystals contained in the matrix in every 
conceivable direction For instance, in fig. 10, plate II, supposing a slice of the 
crystal therein represented were made in tho direction from a to 5, the outline of 
the section, as seen in the field of the microscope, would present a considerable 
modification of the true shape of the crystal. 

Other causes also operate to produce irregularities of Bhape. Crystals form- 
ing in the proximity of other crystals appear to be sometimes stunted in their 
growth owing to crowding; whilst the different degrees of crystallographic 
energy with which the constituents of different minerals come together appear to 
exercise more or less influence on crystals forming in their vicinity. The want 
of perfect molecular freedom, when an eruptive rock is rapidly cooled at the 
surface of the earth’s crust, must also affect tho results. This freedom of mole- 
cular action becomes loss and less as the cooling prexjoeds ; henco crystallisation 
is often arrested before tho outward form of a crystal is finished ; portions of the 
magma are cooled beforo tho chemical elements contained thcroin have had time 
to combine to form crystals — leaving here and there what is termed a “ glassy 
base.” The molecules of other crystals, again, coming together with energy, and 
being, so to speak, pressed for time, catch up portions of the glassy baso and 
small crystals of other, previously formed, minerals, and enclose them in their own 
substance. 

Another cause to which irregularities of outward Rhape are dne, is tho altera- 
tion which minerals undergo, after the consolidation of the rock, by the passage 
through it of acid and heated water. Cracks are formed both in the body of the 
rock, and in individual crystals, by the contraction due to cooling and to crystal- 
lisation, and along those fissures heated and acid water, or steam, penetrates ; 
chemical action is set up, and, amongst the results, tho outward form of crystals 
is often much altorcd. 

Tho slice under consideration contains ft good specimen of those radiating and 
cruciform groups of felspar crystals which are so characteristic of eruptive rocks. 
Some of the radiating prisms exhibit the twinning characteristic of triclinio 
felspars. The twins appear to be arrangod in groups, in each prism, and tho 
whole combined as penetration twins. A sketch of one of these groups is given 
at fig. 1, plate II. 

No. 3. — A greenish-grey compact rock. Specific gravity 2*93. 

Microscopic aspect . — This slice contains numerous felspar prisms pointing in 
all directions. Most of thorn arc distinctly seen to belong to the triclinic system. 
Numerous instances of stellate grouping of felspar prisms occur in this slice. 
One of them is depicted at fig. 2, plate II. Alteration has been set up in the 
felspar, and shows itself by the formation of granular matter and patches of 
viridite in the interior of the crystals. 

Fields of pale amorphous viridite are abundant in the slice, and in them are 
located multitudes of opidote crystals, many of them presenting good charaoteristio 
crystallographic forms. They are principally located round the margins of the 
viridite fields. 

The remains of augite crystals are to be distinctly made out, but they have 
all been, more or less, converted into a greenish-brown non-diohroic substance. 
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Portions of the slice here and there are obscured by an alteration product, 
'white in reflected and purplish black in transmitted light. 

Nos. 4 and 5. — A dull greenish, or greenish-grey, compact rock, weathering 
light brown. Specific gravity 2*83. Under the pocket lens it has a somewhat 
mottled appearance. 

Microscopic aspect .— The slice consists of crystals of felspar and angite starred 
about in what represents the original base or magma. This probably, as seen in 
many basaltic rocks — in tho Bombay basalts and some Vesuvian lavas for 
instance — was originally full of minute grains of magnetite or ilmenite and 
imperfectly ciystallised matter, and this has been changed into an alteration 
product which exhibits no crystallographic form. It is white in reflected and 
opaque in transmitted light. 

Augite in this slice is very abundant ; twinning is common in it ; sometimes 
the orthodiagonal cleavage linos are very distinct, whilst in other ciy stale tho 
characteristic intersection of the prismatic cleavago lines is well seen. 

The unaltered portions of tlic augite arc fresh and polarise well, but much of 
it has been transformed into a brownish-green substance. 

Fig. 4, plate II, is an illustration, taken from slice No. 4, of the way in which 
the augite crystals have been eaten up and converted into this substance. The 
fragments shown in the illustration appear to represent the remains of a group 
of augite crystals originally in close juxta-position to each other, but which 
have now been split up into a little archipelago of augite fragments. The altera- 
tion which has taken place in these cases can be distinctly traced to the passage 
of water along cracks, and the alteration can be seen in all its stages in the slices 
under consideration. 

Fig. 7, plate II, represents a twinned augite in slice No. 4, in which great 
irregularity of outward form haB to Rome extent, at any rate, been produced by 
the corrosive agency of acid water, but in which internal alteration through 
crackB has not proceeded as far as in fig. 4. Under the microscope the dark linos 
which traverse the crystal are distinctly soon to be little canals filled with the 
products of aqueous alteration. 

In many cases the alteration of the augite has resulted in the formation of 
mica. Fig. 5, plate II, is an illustration of a case, taken from the slices under 
consideration, in which part of an augite crystal (a), the external outline of which 
has been rendered irregular by its change into a greenish substance, has been con- 
verted into mica, as at b ; whilst another portion (c) appears to be in process of 
conversion into this mineral. Another illustration is given at fig. 6, plate II, also 
taken from one of these slices, in which small fragments of augite are seen to be 
encased in mica. Doubtless the latter is an alteration product, resulting from the 
change of a large augite crystal, small fragments of which escaped conversion. 
The little canal-like cracks through which the corroding liquid originally gained 
access to the heart of the augite, are still visible, and an attempt to represent 
them has been made in the sketch. 

Mica is scattered about rather plentifully in these slices, and in transmitted 
light, it varies in colour from red to green. 



part 3.] McMahon : On the traps of Darang and Mandi. 150 

Bischof 1 alludes to the conversion of augite into a brownish, or leek green, mica. 
Some augites contain as much as 11*05 per cent, of alumina ( J. D. Danas’ “ System 
of Mineralogy”) ; whilst, according to the same authority, some micas contain as 
little as 9*27 per cent, of that constituent. All that seems essential for the 
conversion of the one mineral into the other, is a removal of a large proportion of 
the lime from the augite and the introduction of the alkaline element— a process 
which one can readily understand taking place in the “ wet-way.” 

The felspar crystals have been so kaolinised and altered that all trace of twin- 
ning has been obliterated. 

1 have detected one small prism of homblondo. It is pi obably an alteration 
product. 

No. 6. — A compact grey rock faintly tinged with green. , Specific gravity 2*92. 

Microscopic aspect . — The base has been converted partly into an amorphous 
substance, bluish-white in reflected and olive green in transmitted light, and 
partly into granular viridite. In this base felspai crystals are scattered about in 
immense profusion, some in minute needle-shaped prisms, arid other': in prisms 
of some size. A large proportion of them exhibit the characteristic twinning 
of triclinic felspar. Some of the medium-sized crystals have caught up portions 
of the base in tbe act of crystallisation, and the portions so included conform to 
the shape of the felspar prisms. 

The slice contains some good-sized crystals of epidote. 

No. 7. — A grey, compact, amygdaloidul rock. Specific gravity 2*88. Tbe cen- 
tres of the amygdala consist of quartz, the inner lining being sometimes composed 
of epidote. Epidote is also soen to line cracks and to abound in the vicinity of the 
amygdala. 

Microscopic aspect . — The slice consists of countless felspar prisms, starred 
about in a felspathic cryptocrystallinc base. A largo proportion of the lelspor 
exhibits the twinning peculiar to triclinic felspar. A considerable amount of 
epidote is soen dotted about in small grannies and in meandering lines. Hero 
and there patches of viridite are seen throughout the base. 

Amygdaloidal cavities occur here and thore, filled with quartz, epidote, and 
delcssite. The quartz is greatly crowded with a fine dust of opaque mattor, which, 
on tho application of high powers, is seen to consist of a multitude of extremely 
minute gas and liquid cavities. 

A sketch of one of the stellate groups of felspar crystals before alluded to, 
contained in this slice, is given at fig. 9, plate II. The illustration shows the 
appearance of the group in polarised light with crossed nicols. 

For the sake of comparison, I have given at fig. 8, plate II, a sketch of a 
triclinic felspar group taken from a slice of domite, in my possession, made from 
a specimen collected by me on the Fuy de Dome, Auvergne., All the radiating 
prisms are seen in polarised light to be many times twinned, but they are 
arranged in groups which simulate the twinning of the Carlsbad type. 

I have often observed this peculiarity in plagioclase, and it appears to be 
produced by one set of twins being thick at one side of the prism and thin at 
the other side ; whilst the second set of twins are thick on the side in which 
the first set are thin, and thin on the side in which the first set are thick. The 
1 Chemical Geology, Vol. II, p. 826. 
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effect of this peculiar arrangement therefore is, that, when viewed in polarisod 
light, one-half of the prism appears almost wholly dark, whilst the other half 
exhibits an almost unbroken sheet of colour ; the twins which at that azimuth 
suffer extinction of light being very thin relatively to the twins which at that 
azimuth polarise in more or less brilliant colours. 

This arrangement gray be traced in fig. 8 sufficiently, perhaps, to make my 
meaning clear ; but 1 have attempted in this sketch to reproduce the general 
effect, as far as that can be given in black and white, rathor than theso minute 
details of structure. 

Throughout the base arc scattered granules of black opaque matter that 
appears to be magnetite arrested in the act of crystallisation. A sketch of one 
of these granules, as seen with the aid of somewhat high power, is given at 
fig. 11, plato II. Forms of this kind appear to mo to indicate that the rock 
cooled rapidly under conditions that interfered with the molecules of the 
ferriferous mineral coming together in the form of a regular crystal. As pointed 
out by Dr. Sorby, there is a strong tendency on the part of crystals formed in 
slags to assume skeleton forms, and I have noticed that salts crystallised rapidly 
on a glass slide very frequently assume the sort of skeleton form shown in 
fig. 11, instead of regular crystals ; each salt, speaking broadly, having its own 
pattom. Skeleton crystals of magnetite, similar to those occurring in those racks, 
appear to be very characteristic of volcanic rocks and furnace slags 1 . 

A few flakes of a reddish mica aro to be Been in this slice. 

No. 8. — A grey, compact, amygdaloidal rock. Specific gravity 2*8 4. A red- 
dish mica is seen here and there in amygdaloidal cavities, associated with tho 
other minerals therein. 

Microscopic characters . — PrismB of felspar, much of which is distinctly scon 
to bo triclinic, are scattered about in a felspathic base. Amongst tho felspar a 
striking caso of cruciform penetration twins is to be seen. Tho two aims of 
the cross intersect at an angle of 85°. 

A considerable proportion of tho base is represented by minute patches of 
viridite, partly fibrous and partly granular. Scattered through it, there is a 
considerable amount of opacito in granules, representing, I apprehend, impor- 
fectly formed magnetite. It is similar in character and appearance to that 
described in slice No. 7. * 

The amygdaloidal spacos aro plugged with quartz and viridite. In some, tho 
viridite is soon by itself ; in others an intergrowth of the two has takon placo, 
granules of quartz being surrounded by the viridite in some cases, and in others, 
numerous patches of viridite of various sizes and shapes being includod in the 
quartz. 

Tho viridite is in some places amorphous, and in others, in radiating or sheaf- 
like bundles of fibres. I believe it is in part delessite and in part chlorite. 
Hound tho margins of the chloritio inclosures in the quartz it passes into the 
vermicular form of pro-chlorite. 

Tho quartz, which occurs both in the amygdaloidal cavities and filling what 
were apparently fissures, contains many flakos of a reddish mica. The quartz is 

’ Kutley’s Study of Bocks, p. 154. 
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remarkable for containing numerous very minute rounded liquid o&vities with 
moveable bubbles. 

From the fact that the quartz occurs in tlie amygdaloidal cavities and from its 
intimate intergrowth with the dolessite, 1 see nothing to support the supposition 
that it is of fragmentary, origin and has been brought up with the lava stream 
from below. On the other hand, though liquid cavities are very common iu the 
quartz of granite and quartz-porphyries, I am not aware of their having been 
before observed in quartz plugging amygdaloidal cavities. Dr. Sorby mentions 
a solitary case of liquid cavities lia\ ing been found m some trachyte of solid 
character at Ponza 1 which appears to have been formed under considerable 
pressure. They are, however, very common in quartz veins, and to thoir presence 
principally, Dr. Sorby attributes the usual whiteness of vein quartz. The quartz 
under consideration is of dull white colour and it probably owes its opacity and 
whiteness to the same cause. Tlie presenco of the liquid cavitios in the quartz 
of slice No. 7, and in that under consideration, may, I think, lie explained on tho 
supposition that the lava stream after solidification was covert'd over for a con- 
siderable thickness by other lava streams, or by stratified deposits, and that tlio 
plugging of the crackB and the amygdaloidal cavities was accomplished with the 
aid of highly heated water or steam under pressure. 

There is a great thickness of trap exposed at Darang. 

Nos. 9 & 10. — A greenish-grey rock with numerous amygdaloidal cavities ; 

Sp. G. 2*77 2 . 

Microscopic aspect. — The amygdaloidal cavities contain scoJecitc. The inner 
kernel of some is formed of calcite, whilst fissures in tho scolecite are filled with 
this mineral. The study of these amygdala under tho microscope affords an 
illustration of how one might often bo misled by a chemical analysis. Viewed 
macroscopically the calcite would probably escape observation altogether. 

The base is cryptocrystalline, and it contains multitudes of tufts of a fibrous 
cliloritic mi neral. Numerous small patches of viriditc are also to bo seen scattered 
through the mass. There are patches of a greenish mica both in the matrix and 
tho amygdala. 

Granular epidote is plentiful. A fine group of opidoto crystals is imbedded 
in tbe scolecite. 

Tho stellar arrangement of the felspar crystals may still be traced, but tho 
felspar is a good deal altored, and no distinct indication of the twinning of tho 
triclinic system remains. 

No. 11.— A greenish-grey compact rock, Sp. G. 2*81. Thero arc numerous 
round lumps of delessito plugging what were apparently amygdaloidal cavities. 
Other such cavities are seen to be lined with a dull reddish-brown mica. Tho 
centres of the cavities are filled with quartz. 

Microscopic aspect .— The slice consists of numerous crystals of felspar of 
various sizos starred about in a fibrous translucent ground mass, olive green in 

1 Quart. Jouro. Geol. Soc., London, Vol. XIV, p. 484. 

* This is within the minimum for basalts, but it is probably somewhat under the mark owing to 
tho presence of air in some of the unfilled or partially filled amygdaloidal cavities. The presence 
of scolecite and calcite in the latter must also affect the result. 
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transmitted liglit. More dense and opaque patches of the some material are 
dappled about in it in a spotty way, whilst, here and there, along what were ap- 
parently lines of infiltration connecting amygdaloidal cavities, it aasnmes a ropy 
appearance. 

Most of the felspar crystals are distinctly triclinic and are in prismatic forms 
affording rather sharp outlines. In some instances they have caught up portions 
of the olive green base in the act of crystallization, the base being moulded to 
the form of tho felspar prism. 

Fig. 3, plate I, is a representation of a small portion of this slice, as seen in 
the. field of the microscope. Annexed to a group of plagioclase felspar crystals 
one of the cruciform arrangements of felspar prisms, so often alludod to in tho 
preceding pages, is seen to be attached. The arms of the cross intersect at an 
angle of 83 |°, and they exhibit the twinning peculiar to the triclinic-system. The 
two long dark lines in the group above the cross are portions of the base caught 
up in the act of crystallization. The amount so caught up in tho prosent instance 
is small, but occasionally, in some of the slices described in this paper, the amount 
is considerable relatively to the size of the prism. 

Some of the amygdaloidal cavities are plugged with delessite in fan-shaped 
and radiating forms ; others contain, intermingled with tho delessite, a mica, red 
in transmitted light, and a little quartz. 

Epidote is abundant, and occurs either in or connected with amygdaloidal 
cavities. 

Mandi Traps. 

Tho traps seen in tho bed of the Suketi river at th<$ town of Mandi occur in 
the lino of strike of those at Darang. The outcrop is here much thinner than at 
the latter place. 

I have examined Beven sections of the Mandi trap made from chips and two 
from slices of the rock. There is no perceptible difference in tho character of 
these specimens, and it will suffice to describe tho two slices. 

Nos. 12 and 13.— A dark-grey compact rock with a slight tinge of green in it ; 
Sp. G. 2-88. 

Augite is abundant. Some of the crystals are fairly regular in shapo and 
twinning is common in them. A little mica is visible in those slices. 

A cryptocrystalline or partially devitrified base, forming irregularly shaped 
spaces, is to be soon here and thore. The felspar prisms do not present sharp 
outlines, and they are kaolinised and decomposed. No trace of triclinic twinning 
is to be seen in them. 

The olive green ground mass has been partially converted into viridite, which 
is only seen, however, in minute patches disseminated through the mass. 

The rock is evidently a lava that has rapidly cooled, the augite being the 
only mineral that has had time to crystallise regularly and perfectly. 

Conclusion. 

The specific gravity of basalt ranges from 2*76 to 3, its mean specifio 
gravity boing 2*00. The specific gravity of the traps described in this paper 
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ranges from 2*77 to 2*93, their average being 2*86. The specific gravity, test 
therefore points to tb^se rocks being classed as basalts. 

The microscopical examination of thin slices supports this view. Augito is 
generally abundant in them ; plagioclase forms a prominent component in most 
of the slices ; and, in those in which the twinning peculiar to triclinic felspars 
is not visible, its absence is satisfactorily accounted for by the kaolinisation and 
alteration of the felspar. 

Olivine is usually one of the first minerals in a basalt to undergo decom- 
position, and it is often represented by a green product of alteration. 1 Olivine 
has not been detected. Its presence was not to bo expected in a rock which 
has undergone considerable alteration, and, moreover, though its occurrence 
is very common, it is not present in all basalts. None of the Bombay basidte 
I have examined contain any. 

Magnetite is plentifully represented in these slices by skeleton crystals 
arrested in the progress of crystallisation, and also by the secondary products 
of its decomposition. 

Mica often occurs in basalts. Its presence in these slices appears to be due 
to the alteration of somo of the original minerals. 

The epidote, calcite, delossito, pro-chlorite, and scolccite, aro also the 
secondary products of the decomposition of some of the original constituents 
of the rock. 

Quartz only occurs in amygdaloidal cavities and cracks, and its presence in 
such situations is not unusual. 

The mineralogical contents therefore of the thin slices examined under tho 
microscope, agree with the specific gravity test, and show that those rocks aro 
altered basalts. 

Basalts are classed as volcanic rocks, and the fact that the traps under con- 
sideration are abundantly amygdaloidal, and that tho microscope reveals tho 
presence in them of a glassy or imperfectly crystallised base, shows that they 
wore consolidated at the surface of the earth’s crust. All the details of their 
structure corroborate this view, and I think they are without doubt altered 
basaltic lavas. 


EXPLANATION OF PLATES. 

Plate I. 

Fig. 1. Portion of a slice of an altered basalt. Darang, in the Mandi State, 
North-West Himalayas. 

Fig. 2. Ditto ditto. 

Fig, 3. Ditto ditto. 

Plate II. 

Figs. 1, 2, 3, and 9, illustrations of stellate grouping of felspar prisms, character- 
istic of eruptive rocks, and basalts in particular, taken from the 
Darang basalts. 

1 Rutley’s Study of Rocks, p. 264. 
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Fig. 8. Another illustration of stellate grouping of triolinic felspar taken fron 
a domito, Auvergne. 

Figs. 4 and 7. Augito crystals in process of alteration into a green product bj 
tho passage of corroding liquids through the rock. 

Figs. 5 and 6. Pseudomorphs of mica after augite, taken from the Darang basalts 

Fig. 10. Illustration showing tho modified shape of sections of minerals, as seen 
in thin slices under the microscope. 

Fig. 11. Skeleton form of magnetite taken from one of the Darang basalts. 


Further note on the connexion between the Haz&ra and the Kashmir Series — By 
A. B. Wynne, F.G.S., Geological Survey of India . 

Tho recent appearance of Mr. Lydekker's latest paper on the geology of 
Kashmir (Rec. Vol. XV, p. 14) throws so much more light upon the question of 
the relations of the rooks in two adjoining regions that I am tempted to offer a 
few further remarks in continuation of my last papers on Hazara. 

We are now enabled to extend the comparison which I applied to the then 
known Kashmir section (Rec. Vol. XII, p. 128, &c.), so as to embrace tho actual 
continuation of the Haz&ra rocks as they pass thence into Kashmir oi.d Kaghun 
as follows, tho annexed list including all tho main groups of the whole region 
on both sides of the Kunhar 1 - Jholum valley which appears to have boen the main 
drainage outlet of the area from an early period : — 


HAZARA. 

7. Mnrrec Bods (probably partly miocene). 
G. Nummulitic. 


KASHMIR AND KAGHAN. 

7. Murrce Beds (miocone). 

6. Nummulitic. 


Presum able Overlap. 

6. Cretaceous (feebly fossiliferous). 

£ Jurassic. 

4 < Unconformity, ? very local. 

(. TrmsMc upper and lower. 

8. Infra-Tiiassic and Tan<51 group. 

Unconformity > (Strong). 

2 r Attock Slate of Northern Punjab, 

* l Trap division absent. 

£ Schists. 

M 

V. Gneiss (primitive). 


| Silurian. 


Overlap amounting to unconformity. 
5. Absent or unknown. 

Undetected or absent. 

4. Trias and P Jura. 

3. Carboniferous. 

Unobserved. 

r Aqueous. 

( Traps. 

i Nower gneiss including represen tiitives 
of 2 nnd 8. 

Gneiss (primitive, Central). 


This comparison will be seen to present some advance beyond that of my former 
paper ( Rec., Vol. XII, p. 128 ),in which, as Mr. Lydekker observes, the schists of 
North Hazara are not separately included, because his Kashmir sections quoted 
offered nothing with which to compare them, and they could not be introduced as 


1 This Kunhar river is also called the Nainsdk, by which name I first knew it. 
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absolutely unrepresented, when they were found to pass out of the llazara district, 
into then unexamined ground. 

They haxe a position in the list nevertheless, where thoy are placed together 
with the Infra-triassic and Tandl series as he partly suggests; the Tandl portion 
of this set of rocks passing, as stated, into crystalline, i.o . metamorphosed, rocks 
and gneiss. 

Tho identity of the gniess in both areas is now established and that also of the 
next adjoining beds. 

The Attock slates are shown to bo those of Kashmir, and their Amygdaloid 
division is approximately placed. 

The carboniferous horizon is not much r more clear, but the trias beds are 
identified, and the Murree beds are now known to be paitly mioconr, at all events. 
Tlic main points of difference appear to be as follows 

Hazaba sins. Kasitmib side, 

1. IVncnco of a crotucoouB horizon. It*- ‘ibienee. 

2 Pnitiul separability of the trias and jura, with u local Usual blending of llies« wifouut discord-. 

discord n nee. a nee. 

S’ Presence of an infra-triassic or lower division of the Oteurrcnee nt tin- horl/on of a ♦•arhoni. 

trias. fcroiis group. 

4 Presence of a thick group of Tauril bods identical or Apparent absouc* of these beds, 
partly so with the forogoing. 

1 . Absence of an amygdaloid series in the Silurian Present of an inferior siltu ian amygda- 
Attock slates. loid gioup. 

6. Presence of a complete sub-trias discordance. Absence of thU feature or its i m percep- 

tibility . 

7, Concealment or obscurity of a sub-tertiary oveilap Presence of a sub-tertuiry break and over- 

discordnncc. lap- 

The main points of agreement are these : — 

Hazaba bide and Kasumib side. 

1. — Similarity of tertiary group in both. 

2. — General similarity of the newer or perhaps upper half of the mcsozoic rocks with 

small exceptions. 

3. — Similarity of the lower palaeozoic silurian- Attock- Kashmir slates. 

4. — Similarity of the schists and gneiss. 

5. — Universal disturbance. 

It seems from the lists that the points of difference arc equal in numbor to 
tho main rock-groups, and thoso of agreement ore rather more than half as many 
as the differences. 

1. The cretaceous horizon established in the Sirban sections in Hazara and at 
great distances to the eastward in tho Himalayas may well be presont in other 
places though unrecognizable, as appears frequently to be possible even in 
Hazara. 

2. The triassic rocks in this region being yet known to presont in one place 
only (at Sirban) all tho conditions os to definite zones and sufficiently fossili- 
ferous ones, to enable detailed separations to be carried out, it seems most 
probable that the mixed character or the unfossiliferous condition of the Kashmir 
and Kaghdn rocks is the general rule in both areas. The definite horizon may 

B 
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of course exist everywhere, but under impenetrable obscurities, and even the 
appearance of discordanco fairly established between these and the Spiti shale 
jurassic of Sirban being quite unpronounced elsewhere in Hazara, it may well be 
lost to sight in Kashmir. 

3. The fact that Mr. Lydekker finds the carboniferous group of Kashmir 
vanishing into obscurity northwards, where its fossils disappear, is strongly 
indicative of tho same unfortunate occurrence in Haz&ra and the consequent 
impossibility of defining its position closely, while it may be fairly surmised that 
tho Hazara infra-triassic Tanol rocks or some portion of these are equivalent to 
the carboniferous group of Kashmir. 

At tho same time the idea suggests itself that the Sirban trias may really 
exhibit only a higher portion of the whole great group which may be elsewhere 
represented by more obscure older developments more widely spread, and that 
the carboniferous representatives may be found or supposed to exist amongst tho 
lowest layers of these and partly amongst the likewise unfossiliferous strata of 
the Tandl group. 

4. This Tanol group presents one of the greatest difficulties in reconciling tho 
structure of the two rogions as at present interpreted. Its thickness renders tho 
absence of its recognition in Kashmir, Ac., strange ; and its place is peculiar, lying 
exactly betweon the now well-identified Attock-Ladak slates and the metamor- 
phio schists (including rocks of different horizons), into which the same Attook- 
Lad&k slates are supposed by Mr. Lydekker to merge by reason of increasing 
motamorphism. 

These Tanol rocks, or their congeners, the infra-triassic, one or both, extend 
towards and into the lower part of the Kunhar valley, but crossing this no place 
is found for tho group in the series of Kashmir and Kaghdn, and a short line, 
obliquely crossing the valley from the Lachi Kun nummulitics to the Hazara 
older gneiss near Balakot, marks the approximate boundary between the Attock- 
Kashmir slates and their supposed more highly metamorphosed continuation 
into the “ newer gneiss ” northwards. South of this boundary, however, between 
Ddlakot and Gharri Habibula on the flanks of the Lachi Kun mountain, the 
Kashmir- Attock slates are not typical Attock slates at all, but more allied to the 
metamorphic schists. This point would so far favour the supposition that a 
northerly transition was taking place from less to greater metamorphism ; but 
not far south of Gharri Habibula the slates possess their normal character, and 
appear projecting unconformably from beneath infra-triassic or Tan61 quartzites 
and dolomites. The supposition that the Attock slates are the same to any 
extent as the schists to the north which pass into or are scarcely separable from 
the Tandl bods would then demand the incredible conclusion that both an uncon- 
formity and a transition between the older and newer groups should occur in the 
immediate neighbourhood of Gharri Habibula, — a view in which I cannot 
coincide. 

Although the Tan61 or infra-triassic beds fall readily into none of the Kashmir 
sub-divisions or have not been admitted into any, I certainly found them on the 
right bank of the Kunhar at the place last indicated, and saw at least one small 
tongue of 'them crossing the river. It seems marvellous if some 'representative 
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of these dolomites, quartzites, argillaceous and other rooks does not also occur to 
the east, because, although in discordant relation with the silnrian slates on their 
southern side, they have been found to mingle gradually with the schists to the 
northwards, which in their eastern extension become the “ newer gneiss ” of 
various ages, and also because dolomites and quartzites are mentioned rmg the 
rocks of Northern Kashmir. 

If the group has an extension to the eastward, there seems, however, not much 
more likelihood of its being closely identified among the “ newer gneiss ” series 
than either the metamorphosed Silurian or carboniferous meml>ers of that divi- 
sion. Connected with one or both of these groups, rocks of Tan61 aspect might 
occur, though without sufficiently distinct grouping or identity to have urged 
their separation. 

5. Had they possessed this distinctive character, there would only have been 
the absence of the apparently fugitive volcanic amygdaloids from amongst the 
Haz&ra slates to have caused any, very prominent disparity between the general 
scries in these two areas. The horizon or horizons of this amygdaloidal silurian 
group or groups being rather uncertain, but still placed below the slates or in 
their lower portion, the idea is suggested whether some of *hose volcanic rocks 
may not represent the horizon of the Tandl group, but this question I have not 
sufficient evidence to follow out. 

From what I know or can gather of the general aspect of the geology of the 
whole region, I should rather expect to find the principal portion of the Tandl 
beds occupying a carboniferous or other intermediate horizon between the upper, 
most slates and the lowest fossiliferous triass io rocks. 

So far the obstacles, as it were, to extending either the full Kashmir colouring 
of the map into Hazara, or vice verad, have boon noticed ; the question of the 
arrangement of tho groups is another matter. 

In the parts of Kashmir and Kaghdn, most* adjacent to Hazdra conformity 
real or apparent would seem to be the rule throughout the whole sequence. 
From an inspection of Mr. Lydekker's map and from his remarks it would 
appear evident that this conformity of the tertiarieB north of MozufEerabad 
upon the paleozoic rooks assumes the nature of an overlap, amounting to the 
total discordance which I had already indicated from limited observations 
(Rec. XII. p. 127). 

The unconformity at Sirban, in Haz&ra, where the infra-trias is not only 
discordant to but contains derived fragments of the Attook-Lad&k slates, is 
established. It appeared to me to occur again without the derivative feature near 
the road from Abbottabad to Mansahra and also on the right bank of the Kunbar 
river south of Gharri-Habibula, and yet it does not appear to have been detected 
in Kashmir or Kagh&n, where seoondaiy rocks occur within 12 and 32 miles of the 
Gharri locality, roughly speaking. 

This unconformity proves so complete a break between the infra-trias and the 
silnrian that I held myself prepared to find those of the Tanol beds most nearly 
identical with the infra-trias of Sirban completely discordant to the Attock 
slates at any place where they might occur in junction with these. 
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This appeared to be the relation of the groups on the lower Sirun and Dora 
rivers near the Indus, 

The disturbance in most places greatly concealed or quite obscured any identi- 
fication of this relation in connexion with the siliciouB and dolomitic bands of 
the Tanol group, while in many instances they appeared to be simply interca- 
lated with the other Tanol bedB ; besides, there was always the possibility in 
consequence of the break at Sirban that infra-trias rocks of other places might 
exhibit a larger thickness of themselves or of other subjacent conformable beds. 
I was therefore the less surprised to find great irregularities and sudden develop- 
ment or reduction of tho unconformable infra-trias ( presumed to be in some 
degree equivalent of Tanol rocks) in various localities, nor did it*appear im- 
probable that the unconformity so clear at Sirban should be obscured by being 
removed further elsewhere from the dolomites and quartzites, or altogether lost to 
view in tho more metamorphosed area of tho schists. 

Whatovor portion of the Tanol bods may be identical with tho infra-trias will 
carry with it much of tho associated and stratigraphically united Tanol rocks 
not largely developed, if at all, at Sirban. The place of these Tanol-infra-trias 
beds must lie at the upper side of the discordance there, and it is impossible in so 
limited an area to place on the same horizon any rocks supposed to form a part 
of the Attock-Lod&k silurians on the lower side of this discordance. 

To -say that the dolomites and quartzites of the Tanol area are not infra- 
trias but metamorphosed trias-jura, will provide no escape from the dilemma, for 
the trias and infra-trias have always boon found as part of the same conform- 
able sequence. 

In one way it seems still possible to reconcile some of the discrepancy between 
the Hazdra area and that to the cast. I offer the suggestion with much reserva- 
tion on the supposition that the rocks of both regions pass northwards into a 
metamorpliic terra incognita , where important divisions become undistinguish- 
able and the clearest indication of stratigraphic arrangement at low or high 
angles are untrustworthy. This being granted (if possible) it may bo that the 
schistose series (newer gneiss of Lydekker) represents among its other consti- 
tuents a lower portion of the Attock-Ladfik Silurian, or even the same bods as 
are elsowbere unmetamorphosed ; that over these the schists passing upwards 
and uniting with the Tandl group (on on extension of Mr. Lydekker’s hypothesis) 
represent the carboniferous and triassic horizons. Some of the dolomites, &c,, 
of the Tandls belonging to the former, and others with their associated slates, <fcc., 
being the unconformably enfolded representatives of the trias and infra-trias or 
“ trias-jura ” division, all in a metamorphosed or sub-metamorphosed state.' 

At this distance, both as regards time and place from the rogion and its 
examination, one is apt to have a less lively faith in his own deductions, and yet 
after reconsidering the question with tho aid of Mr. Lydekker’s paper, unless the 
perplexities of mountain structure will endorse so large a draft upon speculative 
hypotheses as tho above suggestions demand, I am unable to see in what way the 
interpretations of Haz&ra Kashmir and Kagh&n can be brought into closer con- 
cordance. 
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Notwithstanding that I am ready to admit any reasonable amount of possible 
misinterpretation not of a glaring nature amongst the obsonre stratigraphioal 
features of a metamorphosed and disturbed mountain region, the greater difficulty 
presents itself that it is not so much obscurity of the stratigraphic relations in 
HazAra as the reverse which has led to my interpretation of the district, and that 
no amount of the inversion, which it is now the custom to call in aid so largely, 
can set aside local deductions from such physical facts as the Sirban infra- trias 
unconformity. 


Notes on the Umaria Coal Field ( South Rewah Qondw&na basin ) — By Theodobs 
W. H. Hughes, A.R.S.M., F.G.S., Geological Survey of India . 

Owing to the great interest that has been aroused regarding the occurrence of 
workable coal at Umaria and in the Johilla valley in the Bewah territory, 1 
have no doubt that a short notice relating to it, preliminary to a fuller descrip- 
tion in our Memoirs, will be generally acceptable. Under ordinary circumstances 
the publication of the facts in connection with the coal would not have taken 
place until next year, by which time the map of the larger area to which this 
ground belongs would have been completed. So many enquiries, however, have 
been sot on foot, as to the extent of the coal, its thickness, the quality of the coal 
and the facilities for working it, that it has become a duty to respond to them 
without delay. 

In a previous volume 1 of the Records of the Survey, I have described 

_ . the creologioal position of the Umaria and Johilla coal. Its 

Previous notice. f . , - 

proper place is amongst the true or older coal-measures of 

India, and it is not to be confounded with the younger coal of the M&hanadi, 

Lamota Ghat and Jabalpur. This is a favourable point, and it implies that the 

coal will be moderately steady both in quality and quantity, features which are 

not characteristic of the newer coals. 

Many years have elapsed since the original discovery of the coal that I am 

r writing about. The first who drew attention to it was 

captain Osborne, I860. Captain 0sborne> the Political Agent of Rewah in 1860. 

Afterwards some Royal and Civil Engineers reported on it, but their recom- 
mendations were not strong enough to induce any active steps being taken to 
oxplore the field. Subsequently, and quite recently (1881), it was my good 
fortune to meet with a gentleman in charge of the Rewah administration 9 who 
responded cordially to my suggestions that the coal-measures should be tested 
near Umaria and in the Johilla valley; and within a few weeks of my broaching 
the plan of operations, boring tools were got ready, and Mr. Stewart, who had 
previously been in charge of the Narbada trial borings, was appointed, on a 
salary of Rs. 420 a month, to test the various sites indicated by myself. It is a 
great satisfaction to be able to say that the word success may be freely used. An 
abundance of coal has been proved ; a large area has been determined ; the oon- 


1 Records G. 8. 1., Vol. XIV, pages 318—816. 

9 Captain Harr, Political Agent, Baghclkhand, and Superintendent, Rewah State, 
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ditions for working are favourable ; tbe quality of the coal is fair in the labora- 
tory, and the practical results are satisfactory. 

The accident of position has caused much more attention to be devoted to the 
Umaria than to the Johilla area, the former locality being 14 or 15 miles 
nearer to the station of Kutni, on the East Indian Railway. The Johilla valley 
was merely looked at in case the Umaria borings should fail to realise the expec- 
tations formed of them. The extra distance would have been a very small draw- 
back, if the only alternative left of procuring coal had been the opening-up of 
that part of the district ; and it was deemed advisable, while means were at hand 
for under-ground exploration, to make as effective use of them as possible. 

As matters have turned out, there was no necessity to have taken the pre- 
caution of examining the Johilla coal lands, but the information that has been 
gained respecting them is a valuable item addod to our positive knowledge. 

The first boring at Umaria was commenced on the 22nd January 1882 on 
the site selected by myself. It was to the north of the 
2&id S Jftnuary outcrop of the coal seam, and was intended to prove 

the true thickness of the coal. According to Mr. 
Stewart’s reading of the samples it is 7 feet. This may be accepted as the 
average thickness of the coal seam, the outcrop of which is seen in the Umror 
river, running between the two villages of Khalesar and Umaria. 

It would be needless multiplication of details to allude to each bore-hole 
section. The object with which the various positions were chosen was to test the 
extension of the coal both laterally and to the deep. 

Had more time been at our disposal more ample results’ could have been 
achieved, but as the case stands even now enough data have been gathered to 
show that the seam exposed in the river extends over a proved area of 1| square 
miles, and that it is fair to assume 3 square miles as probable and easily worked 
coal lands. 

In boring No. 7a, immediately on the right bank of the Umrar, a second seam 
was met with, which is, I fancy, higher in the series than 
that proved in No. 1. It was again passed through in 
Nos. 8 and 9, and it was just touched in No. 11. It appoars to be a permanent 
bed, so that we may calculate upon two seams of coal, which at a very low average 
may be taken as 14 feqt thick. 

Most of the borings were put down within the limits of the Umaria holding ; 
but in order to learn something of the lie of the land between Khalesar and 
LAlpur on the other side of the river, I directed Mr. Stewart to start No. 6. A 
series of misfortunes rendered this hole and two subsequent ones useless as indi- 
cators, none of them having been completed. The question therefore as to what 
becomes of the coal in that direction is an open one, but I incline to think that 
the coal is there, and that had the borings been carried deeper they would have 
proved this to be the case. It is unfortunate that there should be uncertainty 
on the point, as, owing to this circumstance, I have for the sake of being within 
the mark omitted it from the oaloulable coal lands. 


Second seam. 
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I presume that I am expected to give a few figures showing the amount of 
Available coal at 300 * coal that 1 consider to exist in the TJmaria field. It is 
feet is about 28,000,000 an unsatisfactory task to undertake, as 'those know who 
tonB * make calculations of this sort. With an average thick- 

ness of 14 feet, I think that within the area of 3 square miles there is an available 
amount of 28 millions of tons at a depth of 300 feet from the surface. 

The dip of the measures is slight, and the coal keeps well up for a long way 
Di alight *° tho deep, so that it presents great facilities for being 

1 " readily worked. 

With respect to the quality of the coal the only scam that could be tested in 
the laboratory and tried practically on the railway was the lower one. 

About one hundred tons were excavated from the outcrop, and consignments 
wore mado to the East Indian and Great Indian Peninsula railways. From 
Mr. Pont, of the East Indian line, I heard that the working power of the coal was 
41 lbs. the train mile. 

From Mr. Brock, of the Great Indian Peninsula lino, the most favourablo result 
was 33 lbs. the train mile. 


The Great Indian Peninsula trials shoyr the coal in a vexy favourable light, 
and nearly equivalent to the best and freshest samples of the Karharbari field. 

Considering that the coal on trial was merely surface stuff, the result is quite 
surprising. It is possible also that when the drivers and firemen are better 
acquainted with it they will be able to get still more work out of it. 

Analyses made in the Survey laboratory by Mr. Hira Lai, who has been 
associated with me in the survey of the South Kewah coal areas, gave the 
following result : — 


Analyses of different bands in the TJmaria seam. 



<*• °u 

»• % 

d- 7o 

«■ °/o 

/• 7o 

M.°/„ 

*2.7. 

**• °o 

*4.°/. 

Moisture (at 230° F.) 

6-8 

3*6 

2*6 

8*4 

2*2 

2*4 

2*4 

2*6 

28 

Volatile, exclusive of moisture 

23 6 

800 

19*6 

34-4 

24*4 

2S-8 


29*2 

27*0 

Fixed carbon , . . 

524. 

53-6 

57*2 

650 

85*6 

59*4 

67 8 

52*2 

590 

Ash 

18-2 

12*8 

20*6 

7*2 

87*8 

12*4 

18*8 


10*0 

Caking .... 

... 

+ 

... 

+ 

+ 

... 

... 

+ 

HK 

Not caking .... 

+ 

... 

+ 

... 

••• 

+ 

+ 

Ml 

... 

Colour of ash • 

white. 

pink 

white. 

white. 

JBL 

white. 

white. 

white. 

white. 

white. 


N. B.— The band/, yielded about 1$ °/o a* oil and tarry matter. 












The seam is not so thick at the outcrop as it is farther to the deep. Tho best 
coal is the lowest band, lettered It. It contains a high percentage of fixed 
carbon, which accounts for the excellence of the trials on the Great Indian Penin- 
sula railway. 

Of the bore-hole sections, I give Nos. 1 and 7 a to show what rocks were 
passed through, and the thickness of the two seams. 

, No. 1 . — Commenced 22nd January 1882, ended 10th February 1882. 


Feet. Inches. 


Black surface soil , • 


• 


1 

6 

Brown coarse sandstone . 


• 


4 

0 

Grey soft „ . , 


• 


1 

6 

Red coarse hard „ 




1 

0 

Yellow coarse hard sandstone • 


a 


1 

0 

Groy earthy „ 


a 


2 

0 

Yellow hard coarse „ 


• 


1 

0 

Red coarse hard „ with 

clay 

a 


2 

6 

Groy hard coarse „ 


e 


2 

6 

Mottled coarse earthy „ . 


a 


2 

0 

Grey hard fine „ . 


a 


2 

0 

Light brown fine hard „ 


a 


2 

0 

Dark brown fine hard „ • 




1 

6 

Brown hard „ . 




7 

6 

Grey soft shaly „ • 




1 

0 

Bed coarse soft „ 




2 

0 

Brown fine soft „ • 


e 


1 

0 

Yellow fine soft „ 


• 


1 

0 

Brown and yellow mottled clay 


a 


1 

0 

Brown shaly soft sandstone . 


a 


1 

0 

Gray and brown shaly sandstone 


a 


1 

0 

Brown shaly soft sandstone • 


• 


1 

0 

Grey fine soft sandstone • 


• 


1 

0 

Brown day, hard „ t 


a 


1 

0 

Grey and soft shaly sandstone 




1 

0 

Carbonaceous shale „ 




5 

0 

Coal • • • • « 


f 


8 

0 

Carbonaceous shale • , 


• 


1 

0 

Grey shaly sandstone . 




1 

0 
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Coal 


Carbonaceous shaly sandstone 


Coal . 

Carbonaceous shaly sandstone 
White hard sandstone . 


Feet. Inches. 

7 0 

9 0 

2 O 

2 0 

8 0 

16 0 


No. 7 a . — Commenced 17th March 1882 , ended 80th April 1882 • 


Dark brown sandy surface soil 

„ H clay and pebbles 
Brown clay and sand 
Light brown mottled shaly sandstone 
n and red sands lone 

Brown shaly sandstone . 

Red „ „ 

Yellow „ „ 

White „ „ 

Brown and white shaly sandstone 
White n «i 

Brown and white „ „ 

Red and brown „ „ 

White and brown „ „ 

Yellow „ tt 

Red and white „ 

Brown and yellow M 


and white 


White and red „ 

„ and yellow „ 

Brown and white „ 

White 

„ sandstone . 

Brown „ 

Grey » 

Brown „ 

Grey „ 

Carbonaceous shaly sandstone 
Grey sandstone 

Carbonaceous „ 

Grey » 

Carbonaceous „ 

Grey *» 

Coal • • • 

Carbonaceous shale 
Coal 


Foot. Inches. 
16 0 

ft 0 

2 0 

r o 

1 0 

1 0 

1 0 

1 0 

2 0 

1 o 

1 0 

2 O 

1 0 

1 o 

1 0 

1 0 

1 0 

1 0 

2 0 

1 0 

1 O 

2 0 

8 O 

8 0 

1 0 

6 0 

2 0 

6 0 

28 0 

ft 0 

1 0 

6 0 

2 0 

8 0 

20 O 

18 O 

26 0 

11 0 


Of the Johilla borings I Have little to say j one was put down near tbe junction 
of tbe Marjada and Umarha streams and tbe other on tbe left bank of tbe Johila. 
Tbe sections s peak for themselves? and the coal appears to be better even than 
that of Uxnaria. 
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No. 2 . — Commenced 6th March 1882, ended 23rd April 1882. 

Feet. Inches. 

Yellow day (surface soil) 



. 1 

0 

Brown shaly sandstone . 



. 10 

0 

Dark brown shaly sandstone . 



. 6 

0 

CarbonaoeouB clay . 



. 2 

0 

» shale 



. 9 

0 

Grey shaly sandstone 



. 2 

0 

Brown shaly sandstone , 



. 6 

0 

Coal 



. 17 

0 

Carbonaceous shaly sandstone 



. 1 

0 

Gwy .. „ 



. 1 

0 

Coal , 



. a 

0 

Carbonaceous shaly sandstone . 



. l 

0 

G*»y » .. 



. l 

0 

Carbonaceous „ „ 



. a 

0 

Coal ...... 



• 8 

0 

Carbonaceous shaly sandstone 



4 

0 

Grey „ „ 



. 2 

0 

Carbonaceous shale 



. 2 

0 

Grey shaly sandstone 



. 1 

0 

Carbonaceous shaly sandstone 



1 

0 

Grey „ 



. 4 

0 

Coarse sandstone • 



, 1 

0 

drey „ ... 



. 6 

0 

No. 3 . — Commenced 13th March 1882 , ended 23rd April 1882 . 

Dark brown surface sandy soQ 



. 1 

0 

Dark shaly sandstone 



. 1 

0 

Grey „ „ . 



1 

0 

Brown „ „ . . 



8 

0 

Coal 



. 17 

0 

Grey shaly sandstone 



. 1 

0 

Carbonaceous shale 



. 6 

0 

Grey shaly sandstone • . 



. 1 

0 

Carbonaceous shaly sandstone 



. 9 

0 

„ shale 



. 2 

0 

Coal 



. 6 

0 

Carbonaceous shaly sandstone 



• 6 

0 

Grey k » » 



. 4 

0 


The proving of the Umaria coal-field shows how valuable an adjunct to the 
labours of the Geological Survey are the facts that can only be discovered by a 
series of borings. A large area of coal has thus been proved, and our doubts 
dissipated ; and we have now ample knowledge to direct us in our projects and 
plans for the future. The coal is good, and there is plenty of it. It is withip 
one hour's railway journey of Kutni, and from its commanding geographical 
position, as may be seen by looking at a map, it is one of the most important 
areas of supply for Central and Upper India. It will be of immense utility to 
the Great Indian Peninsula railway, and to the feeders of that line; and I 
have no doubt that a large up-country consumption will be established. 

What is now wanted is a line of rail to Umaria, and I trust it will be my 
fortune to see one started and completed within the next two years. There fe a 
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lnrge grain traffic passing through TJmaria, bat I have no statistics to give. 

I have no hesitation! however, in saying that a railway would probably pay its 
way, though perhapi $ to 3 per cent, of interest would be all that the capital 
would realise until the road was extended more to the east and served a larger 
area of country. 

The Daranggiri Goal field, Qaro H ills^ Assam— ‘By Tom D. La Touche, B.A., 
Geological Survey of India . 

Immediately to the north of the gneissic range running westward from the 
Khasia plateau and forming the culminating ridge of the Garo hills, the ore^ 
coous rocks in which the coal of this district occurs occupy a series of detached 
b asins in the gneiss, and rest directly Upon it. Of these basins the two 
largest, — marked as coal-fields on the Ordnance map, and ’known as the Ttong- 
renggiri and Daranggiri fields respectively, — are situated in the va ley ° J* 
Sumesary or Semsang river. In the Boagrenggiri field, whioh ajdwn 
about 2 miles to the west of the thanna at that plaoe eastward to a short 
distance to the east of Shemshanggiri, there are, as far as I could discover, no 
coal seams of any practical value. A seam of good coal, 1 foot , occur 

in a hill due east of Shemshanggiri, and at the west end of the field are bevera 
outcrops of a bed of carbonaceous shale, about 3 feet tfriokf ^bi° » J# • 
represents the principal seam of the Daranggiri field described be low. ^ 

continuous section is exposed in the bed of the river and its tnhntanea between 
these beds and the gneiss on the one hand and the nummnhtic TOoWhi ^^ J?y 
the centre of the basin on the other, and in these rooks only a few gm 
strings of ooal and thin beds of carbonaceous shale oconr. .. nnted __ 

The Daranggiri field, it» position and area. — The Darangpn fie , 

cutting through the main range at Jankaray village. It is . 

length from west to east, extending from a little to the west cI^Mwagpii 
ReSdim in the Khasia hill district, and about 6 miles m breadth horn . north 
to south, from a short distance above the junction of the Hcngob rtream withfi^ 
Sumesary to the Rongkhai stream on the south. On the south side of the latte- 
river ore a few outliers, but these are separated from the gorge of the Sumesary, 
through whioh the projected railway will probably pass, by some miles of exceed- 
infflv rugged ground so that they are not of much importance. 

Wittrin these limits the coal-measures occupy an area of about 50 square milw, 
but, as will be seen from the analyses given below, the seams which occ ur m th e 
portion of the field lying between the Rengchi, Rongkhai and Lengte steams is 
if not quite, worthless; besides which the small thickness of the seams 
in this portion rf the field, not more than 2 feet 6 inches, would probably prevent 
their being worked with profit, even if the coal were of better quality. There 
r emains, then, the western half of the field extending from Daranggiri to the 
an asea of about 20 square miles, in whioh there u at leaet one seam of 
coal of good quality of a thickness sufficient to be worked profitably. _ 

1. Daranggiri outcrops.-The outcrops of the principal jewn m neigh- 

bourhood of Daranggiri have already been described by Mr. Medlioott. (Records, 
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G. B. 1 ., 7o7. FIT, jl>£. 2, p. S8). Besides this seam three are five others exposed in 
the cliffs about Daranggiri, but of greatly inferior thickness. The following section 
is exposed in a cliff on the east side of the Rongwi (Nongal) stream, a short 
distance below its junction with the Rongmadu, and may be taken as a type 
Bection of the coal-measures throughout the field : — 

Ft. Ins. 


1. Conrso yellow and brown sandstones 


about 

240 


2. White sandstones with bands of shaly clay rock 


n • 

70 


3. Coal ....... • 


w 

1 


4. Shaly clay rock 


tt • 

8 


5. Coal 


n • 

0 

10 

6. Shaly clay rock ...... 


M • 

4 


7. Coal 


• • • 

0 

6 

8. White sandstone with bands of shale . 


1* • 

20 


9. Coal 


II 

7 

6 

10. Sandy shulc with strings of coal in lower part 


II 

5 


11. Coal 


n • 

1 


12. Carbonaceous sandy shale .... 


9* • 

5 


13. Coal 


• 

1 


14. Carbouacoous shale, base hidden under water 


■■ 

? 



Total 

858 

10 

The section is given in natural order ; dip about 5° 

to south-east. 



In this section tlio beds immediately below the coal are not exposed, bnt on 
following down the stream the rise of the strata gradually brings them up until, 
at a short distance above the junction of the Rongwi with the Sumesary, they 
arc seen resting directly upon the gneiss, and consist of about 200 feet of coarse 
purplo and yellow grits and conglomerates. Similarly to the west of Daranggiri 
the seam may be traced rising steadily along the cliffs bordering the Rongmadu, 
the lower grits and conglomerates appearing beneath it, until it is overlapped by 
the higher strata which rest against the gneiss of Naramkhol and Tobeng hills. 
To the south of Daranggiri the principal seam disappears beneath the bed of 
the Rongwi, a short distance above its junction with the Rongmadu, but it 
appears again in the same stream, about 1 J miles further to the south, being bent 
up Bharply against the gneiss of the main range, with a dip to north-east 
increasing in this section from 35° to 65° within a distance of 100 feet. On the 
samo strike the seam appears to the west in the Nongalbicha stream and to the 
east in the Rongju below the village of Baduri, where it is nearly vertical. 

2, Sumesary outcrops . — Descending the Sumesary from its junction with the 
Rongwi, the south-east dip of tho strata brings the coal seams down to the river 
level about quarter mile above its confluence with the Garigithem stream. The 
same series is seen here as in the section at Daranggiri, except that the lowest 
one foot seam is absent. The dip of the beds is 2° to 3 # to south-east, but slightly 
undulating, and becoming horizontal a little further down the river. The out- 
crop of the principal seam here, and in the Garigithem stream, about a quarter mile 
to the east, has been described by Mr. Medlicott ( loc . tit .) ; it is about 6 feet 
ihick. Further to the eaBt the coal is overlapped towards the north by higher 
beds, winch rest directly upon the gneiss, and occur in patches on the tons of the 
hills as far north as Sudugiri. * 
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3. Goreng hill outcrop . — In the north- south reach of the Smnesary gneiss is 
exposed for a c onside rable d i stance above the junction of the Rengchi. This tbck 
extends beneath Ga*£$f hill to the Benohi , forming an almost horizontal but 
uneven floor, upon which the coal-measures rest horizontally. The lower part of 
these, about 200 feet, consists of coarse grits and conglomerates, which form a 
perpendicular clifE extending almost continuously round the south end of the hill. 
At the top of this precipice the coal occurs, but generally its outcrop is much 
obscured by talus. Large fragments of it, however, occur in all the streams 
which flow from the hill to the Sumesary and Rengchi. A good section is ex- 
posed in the Nengja stream, a small tributary of the Rengchi, about 1 mile 
the latter, as follows : — 

Feet. In. 

1. Coarse sandstone, about . . . T . , . 12 0 

2. Coal, about 8 6 

8. Clay rook with carbonaceous markings, about ..40 

4. Fine yellowish brown sandstone, about . . .40 

Total . 23 6 


The beds are horizontal. 

A short distance down the stream a band of carbonaceous shale, about 18 
inches thick, is exposed, but in this part of the field I could net find any of the 
smaller seams which occur at Daranggiri. 

Total amount of coal. — In this area of 20 square miles the average thickness 
of the seam is 5 feet 6 inches (7 feet 6 inches at Daranggiri and 3 feet 6 inches 
on the Rengchi) ; the total amount of coal calculated from these data is about 
76,000,000 tons. 

Quality of the coal . — The coal of the principal seam is bright black in colour, 
becoming brown when crushed ; it contains numerous specks and nests of a brown 
resinous substance ; it lights readily and burns freely. The seam is very free 
from shaly partings. The coal from the seams to the east of the Rengchi is 
brownish-black in colour, and much more shaly. Specimens taken from four 
localities have been assayed by Mr. Hira Lai, Sub-assistant Geological Survey, 
with the following results. To these I have added an assay of the coal from the 
outcrop at Daranggiri, taken from Mr. Medlicott's report, Zoo. cit . : — 


Assays of Daranggiri coal . 



7 . 

7 . 

7 . 

7 . 

7 . 


1 

2 

8 

4 

6 

Moisture (at 280° F.) 

11*6 

6’2 

2*6 

80 

28 

Volatile, excluding moisture .... 

83 1 

89*4 

216 

81-2 

402 

Fixed carbon 

47-7 

618 

4-0 

140 

27*4 

Ash . ... . . . .1 

mm 

2-6 

71'8 

81*8 j 

! 

296 


Ho. t.— Daranggiri, T'-d" team (assay made in 1874). 

No. 2. — Nengja stream, 8'*6" seam : caking; asb, white. 

No. 8 .— Hill side above Rongtok stream t non-caking; asb, white. 

No. 4.— Fragment from talus at outcrop in bank of Lengta streams non-caking; asb, 
pinkish. 

No. 6. — One foot seam in Rongwi stream above Daranggiri : non caking j asb* greyish white. 
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Petition of the principal seam as regards working.— Except in the south-west 
coiner of the field, where the strata are bent tip sharply against the gneiss of 
the main range, they are either hori&ntal or dip at very low angles, and there 
seems to he an absolute freedom freSj i faults ov0r the whole area. The greater 
part of the seam is above the level of the principal streams so that the coal might 
be economically extracted, and the mines drained by adits. Moreover, as the 
rock immediately above the coal is generally a fine clay rock, ^tolerably impervious 
to water, the mines would to a certain extent be kept dry by it. 

That part of the seam which dips below the surface of the rivers would have 
to be got at by shafts, but the strata above the coal, consisting of about 300 feet 
of sandstone and shales would present no difficulty to the sinking of these. 
Finally, the line of the proposed railway, up the gorge of the Sumesary, passes 
through the centre of the field so that if this soheme is * ever carried out there 
appears to he no reason why the coal of this field should not be worked with 
facility and profit. 

Nummulitic limestone.-— On the high ground to the east of Daranggiri, there 
are two patches of nummulitic limestone, indicated by surface fragments, but as 
they are entirely coverod by jungle I was unable to determine their thickness and 
extent. However it is quite possible that quarries opened in them would sup- 
ply lime sufficient for small buildings and other works in the field itself. At 
Siju on the Sumesary, to the south of the main range, is a large deposit of 
limestone of good quality. 

In concluding I must express my thanks to Captain Maxwell, the Deputy 
Commissioner of the district, for the great interest he took in my work, and for 
the assistance he gave me, so that although I was totally unaoquainte d with the 
country when I arrived in it, I had no difficulty in obtaining either carriage or 
supplies. 


On the outcrops of coal in the Myanoung division of the Henzada district . — By 
R. Romanis, D. 8c., Chemical Examiner , British Burma (with aplm). 

Having ascertained from Major Spearman that the coal reported in the Hen- 
zada district was found at Mokhoung, near Hleemouk, on the Nangathoo river, 
I proceeded thither, leaving Henzada on the morning of April 27th and arriving 
at Hleemouk on the following morning. The way lies along the Henzada embank- 
ment for 25 miles as far as Kyoukywa, where the Bassein river is crossed ; thence 
by cart-roads through rice-fields to Kwingouk, where the Nangathoo river is 
passed. From this place to Hleemouk is about 8 or 9 miles. The road several 
timeB enters the bed of the Nangathoo stream. The last 2 or 3 miles of the road 
pass through forest, but it is almost level the whole 15 miles from Kyoukywa. 

I found the outcrop at Mokhoung, the site of a deserted village about 4 
miles from Hleemouk. It is at the foot of a steep bank composed of elay and 
loose stones lying upon shales whioh dip to the north at an angle of 45°. The 
river flows along the foot of the slope, crossing the strata at right angles to the 
strike. At a point where there is a fold or bend in the strata, and the dip ohanges 
to the south, the coal appears as a bed 22 inches thick below 24 inches of carbon* 
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aceous shales. I was not able to follow the strike of jtiae beds across the river, 
as there is a wide alluvial taact on the other side beneaV which it is concealed, 
if it exists at all, nor conld it be found to the south of we faul$* where the beds 
dip to the south. As it appears at a fault, the coal is much broken by the bend- 
ing of the rooks, and patches .of shale occur throughowtl^he bed, which induced 
me to think it a mere pocket in the shale. A watercourse, which seems to Dtfqfc 
the line of dislocation, enters the stream at the place where the coal appears* 
About 100 yards further up the stream somejML^as foundamongst the debris 
at the foot of the bank ; and in a waterOTRi%hich to the 

north is a thin bed of carbonaceous shale under a bed of qudWK 

While at Hleemouk a piece of coal was brought in, said to be from Kywaaftid^ 
in the Okepo district. On examining it I found that it melted pud farmed a coke, 
which the Mokhoung coal does not do. 1 at once proceeded to the place, which 
is about 12 or 14 miles from Hleemouk, near the junction of the stream, called in 
Fitzroy’s map the Shwayneing with the Okepo river. It is not marked in 
that map, which appears to bo incorrect in the representation it gives of this 
district. 

On arriving at Kywaising we were conducted to the coal. It is found at a 
place about 1 \ hour's walk from Kywaising over low hills covered with bamboo 
forest. 

The coal appears at a sharp bend watercourse which flows from north to 
south into the Shwayneing river. At th? tjttint where the coq! is exposed the 
stream makes a sharp turn and flows from WeiWrfo east for about 120 yards. The 
south hank is about 50 feet high and steep. Hie coal is exposed along the whole 
of the hank in a bed about 12 feet thick. A cutting was made into the coal when 4 


the following section was found : — 

Foot. Inohoo, 

Soil and decomposed yellow shale 5 or 6 0 

Carbonaceous shale * . • . 0 4 

Coal 1 « 

Carbonaceous shale A 2 

Coal 1 « 

Carbonacoons shale 0 4 

Coal 1 ® 

Carbonaceous 2 

Coal 1 « 

Carbonaceous shale 1 fl 

Coal, good quality ^ • 2 0 

Coal, inferior * ® 


Total . 11 6 

The lower portion was concealed by debris, and the exact thickness could not 
be estimated. Since my return I have been informed by Mr. Lewis, who continued 
the work after I left, that the layers of shale become mere partings in the coal, 
and tha t there are 6 feet of coal, then 2 feet of shale, and then 4 feet of coal, the 
upper 2 feet of good quality. 

The dip of the bed of coal is 30°, to E. 
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I examined the rock^h the neighbourhood and found that they dipped like 
the coal at 30°, to E. Ipt strike is north and south. 1 observed layers of carbo- 
naceous shale atUiree places in the watercourse, and found that they crossed it 
and passed under the opposite bank, showing that there is no fault but the strata 
dip under the hill to the£east» Over one of these beds there lies a thick bed 
of quartz-breccia. From the dip of the strata and the position of the quartz-brec- 
cia and shale 1 conclude that they lie under the ooal. 

Having finished my observations at this place I visited the outcrop at 
Poosoogyee, in the Myanoung district. On my way through Hleemouk I revisited 
the outcrop there. It was too dark to see what had been done, but I was told 
that the coal had come to an end after four bags had been got out, and that tho 
rest was all fehale. Mr. Lewis, who saw the place by daylight, says this is not 
the case ; there is a layer of coal 18 inches thick. 

Poosoogyee is about 30 miles from Myanoung, on the Padaw river. On my 
way I halted at a Chin village, Yaynantoung, so named from a petroleum spring 
about 4 miles away in the hills. I did not visit it as the quantity of petrole- 
um is very small, but it is evidence of the presence of bituminous strata. The 
spring is marked on the map as oast of the village. 

The outcrop of coal is about 4 miles from Poosoogyee on the left bank of 
the Padaw stream. It is a band varying from 18 to 6 inches in a bed of carbo- 
naceous shale dipping 60°, to E. It is very friable, crumbling into powder between 
the fingers. The stratum in which it occurs is much contorted, and in one or two 
places the coal thins out altogether. On examining the neighbourhood I found a 
bed of quartz conglomerate overlying abed of bituminous Bhale in two places, 
one further up the stream than the coal, the other lower down, dip 60° to N.E. at 
the latter, 60° to E. at the former, evidently passing below the coal, and thus 
bearing the same relation to the coal that similar beds do at Kywaising 
and Mokhoung, from which I infer that the same strata of coal, shale and con- 
glomerate appear at each place. The coal is at its maximum thickness at Kywai- 
sing and thins out to 22 inches at Mokhoung, 12 miles south, and to less than 
12 inches at Poosoogyee, 18 miles north. Tho following diagram shows the order 
of the strata, as it appears to me : — 

Yellow shales and sandstone several hundred feet. 

Coal 10 feet. 

Carbonaceous shale (P) 

Yellow shale and sandstone, 300 feet. 

Quarts breccia, 5 feet. 

Carbonaceous shale, 2 feet. (P) 

I do not think that it is worth while at present to bore at either Poosoogyee 
or Mokhoung. At Poosoogyee the rocks are much contorted ; they have been 
indurated by infiltration of silica ; the dip is great and the seam irregular. It is 
possible that the irregularity is due to the twisting of the strata at the point 
where they crop out, and that a boring put down to the eastward may find the 
co* more regular and less friable, but it seems to me that the Kywaising out- 
crop is the one most likely to repay exploration. 





PAfef SJ Addition* to ike Library* 181 

I should recommend that two borings be made, one to trace the coal under the- 
opposite bank of the stream, that is, to the eastward, the other to the southward 
to follow the coal towards the river. The shale and soil covering the coal on the 
west side of the watercourse cannot be many feet thick, and several borings may 
be made without trouble. 

As to the question of transport, the Okepo river is navigable during the rains 
for boats of 10 tons as far as Kywaising. The coal is about 5 or 6 miles 
distant from the village. Four miles of the road are level, but the bed of the 
Shwayneing river is crossed several times. For the last 2 miles the road is the 
bed of a watercourse covered with loose stems, but if the coal is in quantity 
there will be no difficulty in making a path by clearing tbe bamboo forest and 
cutting a road in the hillside. Good timber may be obtained from the pyinkado. 
trees (Xylia dolabriformis), which grow plentifully on the spot. In the dry 
weather there is only enough water in the Okepo to float bamboo rafts, but it is 
only 16 miles by cart-roads to the Bassein river, and 1 suppose a light tramway 
might be laid down at small cost, if the coal is in sufficient quantity. 

Analyses of coat : Kywaising . Poosoogyee. 


Moisture 1*48 6*80 

Volatile matter 26*58 18*21 

Fixed carbon 65*12 69*65 

Ash 6*82 5*78 


10000 10000 


DONATIONS TO THE MUSEUM. 

Donors. 

Book crystal on white marble from the Carrara quarries, and rock crystal containing liquid* 
bearing cavities from Poretta, Italy. 

Mb. W. T. Blanfobd. 


Manganese and iron ores from Ming Island and neighbouring 
Parisite from Columbia. 


islets, Mergui Arohipelago. 

iDb. J. Ahdbbsoh* 

# Mb. C. Fobhabo. 


ADDITIONS TO THE LIBRARY. 
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Titles of Boohs. Donors. 

Boots, Ds. J. H. C.— The Northerly Winds of California, 8vo„ pamphlet* 

The Author* 

Bboss’s— Klassen and Orduungen dee Thier-Reiohs. Band VI, Abth. Ill, Reptilian, Lief. 
87-89 (1882), 8vo., Leipzig. 

Bubhbs, 8a AxiBX.— Cabool : being a personal narrative of a journey to, and residence in* 
that city, in the years 1836, 1887 and 1838. (1842), 8vo., London. 
Catalogue of the Nagpur Museum for 1876. (1876), 8vo., Nagpur. 


Tki Music*. 
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The Author. 
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The Authob. 
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Kbeitneb, Lieut. G. — Report on the 3rd International Geographical Congress, Venice, 
September 1881, (1882), 8vo. pamphlet. 

N. China Bb. Roy. As. Society. 


Leboub, G. A. — Catalogue of the Hutton Collection of Fossil Plants (1878), 8vo., New- 
castle-upon-Tyne. 


North op England Institute of Mining and Mechanical Engineers. 

Lindley, Db., and Hutton, W.— Illustrations of Fossil Plants (1877) 8vo., London. 

North of England Institute of Mining and Mechanical Engineers. 

Lysll, Mbs.— Life, letters and journals of Sir Chas. Lyell, Bart., Vols. I— II (1881), 8vo., 
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Mitchell, John.— A Manual of Practical Assaying, 5th Edition (1881), 8vo., London. 
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Mr. W. S. Atkinson, Part II (one colored and one unoolored copy) (1882), 
4to., London. 

Asiatic Society of Bengal. 

Qusnstedt. F. A. — Handbnch der Petrefaktenkunde. Auflage 3, Lief. 1-3 (1882), 8v0., 
Tubingen. 

Qusnstedt, F. A.— Petrefaotenkunde Deutsoblands, Band VII, Abth. I, heft 2, Gasteropoden, 
heft 2, with plates 191—196. (1882), 8vo., Leipzig. 

Range, Chas. E. db. — The Water-Supply of England and Wales (1882), 8vo., London. 

Rabpb, R. E.— An account of some German volcanos and their productions (1876), 8vo., 
London. 


Mb. , J., Wood-Mason. 
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Reid, T. Mellabd.— ‘ "E iYLiiS.” (1882), 8vo. pamphlet, Liverpool 

The Author. 

Revy. J. J. — Hydraulics of Great |Rivers. The Parand, the Uruguay, and the La Plata 
Estuary (1874); 4to., London. 

Smyth, W. W.— A rudimentary treatise on Goal and Coal Mining, 5th Edition (1882), 8vo.* 
London. 

Walsh, M. — Chemical and Geological Observations relating to brick-making in Western 
India (1869), 8m pamphlet, London. 

Weiss, Dr. E. — Aus der Flora der Steinkohlenformation (1881), 8m, Berlin. 


PERIODICALS, SERIALS, dec. 

American Journal of Science, 3rd Series, Vol. XXIII, Nos 135 and 136. (1882), 8 vo., Now 
Haven. 

The Editors. 

Annalen der Physik und Chemio, New Series Band XV, heft 3 & 4 ; and VI, heft 1 
(1882), 8vo., Leipzig. 

Annales des Mines, Series VII, Tome XX, livr. 6 & 6 (1881), 8 vo., Paris 

L’ Admins, des Mines. 

Annal es des Solences Naturelles, 6 me Sdrie, Botanique, Tome XII., Nos. 2 ~ G (1882), 
8 m, Paris. 

Annale s deB Sciences Naturelles, 6 me Sdrie. Zoologie, Tome XII, Nos. 3 0 . (1881), 8 vo., 
Paris. 

Annals and Magazine of Natural History, 6 th Series, Vol. IX, Nos. 62-64 (1882), 8 vo., 
London. 

Archiv fur Naturgeschichte, Jahrg. XLVII, heft. 6 , & XXVIII, heft. 2 (1881-82), 8 vo., 
Berlin. 

Athenaram, Nos. 2837-2860. (1882), 4to., London. Q __ naa9 . - 

zu den Annalen der Physik und Ohenue, Band VI. Nos. 8 — 6 , (1882), 8 vo., 

Bibliothbque UnivSfef’ Archives des Sciences Physiqnes et NatureUes. 8me Pdrioda 
Vol VT No 12 & VII, Nos. 1 — 3 (1881-82), 8m, Gen&ve. 

Bibliothhque Universelle et Revue Suisse. 3mo Pdriode, Vol. XHI, Nos. 37-38, and XIV, 
Nos. 40 A 41 (1882), 8 vo., Lausanne. 

Botanisches Centralblatt. Band IX, Nos. 8-13, * X, Nos. 1-8. 8t0 * CaMe1, 

Botanisohe Jahresberichte, Jahrg. VI, Ahth. II, heft. 8 . (1882), 8 vo., Berlin. 

Chemical News, Vol. XLV, Nos. 1168— 1176 ( 1882 ), to., on on. 

Colliery Guardian, VoL XLm, Nos. 1106—1118 (1882), fol., London. 

Das Aualand, Jahrg. LV, Nos. 10-23 ( 1882 ) dto.^Stut^art. - . n 

Geological Meg*-™ 1 ", New Series, Decade II, Vol. IX., Nos. ( )i •» 

Iron, Vol. XIX, Nos. 478—481. (1882) fob, London. . 

Journal de Conchyliologie, 3me Sdrie, Vol. XXI, No. 4 (18®1)> r °" ***** 

Journal of Science, 8rd Series, Vol. IV, Nos. M0-102 i (1882), 8vo., London, 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Scienoe, 6th Senes, 
Vol. XHI, Nos. 81— 88. (1882), 8vo„ I*”*” 1 ; 

Mineralogical Magazine, No. 21, Geological Map ofSntherland. (HQ, 8vo., Loodw. 

Mining Journal with Supplement, Vol. LH, Nos. 2428-2441. (1882), fob, London. 

Naturse Novitates, Nos. 6—11 ( 1882 ), 8vo., Berlin. 

Nature, Vol. XXV, Noe. 646—668 and XXVI, Nol. 664-668 (1882), 4to., London. 
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Nenes Jahibnch fur Mineralogie, Geologic und' Pal©ontok>gie, Jahrg. 1882, Band I, heft 3 
(1882), 8 vo., Stuttgart. 

PaliBontographica Band XXVIII, lief. 4—6 (1881), 4to., Cassel. 

Petcrmaim’s Goographische Mittbeilungon. Band XXVIII, Nos. 3—6 (1882), 4to., Gotha, 
Ditto ditto Supplement, Nos. 67 A 68 (1882), 4to., Gotha. 

Quarteily Journal of Microscopical Science, New Series, Vol. XXII, No. 86 (1882), 8vo. 
London. 

Zoological Record for 1880, Vol. XVII (1881), 8vo., London. 

GOVERNMENT SELECTIONS, REPORTS, Ac. 


Assam.— Report on the Administration of the Province of Assam for 1880-81 (1882), 8vo., 
Shillong. 


Chief Commissioner, Assam. 


British Bubma. — Report on the Census of British Burma taken on the 17th February 1881. 
(1881) fisc., Rangoon. 


Rev. A Aqbto. Dept. 


India. — Annual Statement of the Trade and Navigation of British India with Foreign 
Countries and of the Coasting Trade of the several Presidencies and Pro- 
vinces in the year ending 31st March 1881, Vol. II (1882), 4to., 
Calcutta. 


Supdt., Govt. Printing*. 

„ Indian Meteorological Memoirs, Vol. I. (1876-81), 4to., Calcutta. 

Meteorological Rbpobtib to Govt, of India* 
„ List of Civil Officers holding gazetted appointments under the Government of India 
in the Home, Legislative and Foreign Departments, as it stood on the 1st 
January 1882^ (1882), 8vo., Calcutta. 

Home Depabtment. 

f> Selections fiom the Records of the Government of India, Foreign Department 
Nos. 183 A 184 (1882), 8vo., Calcutta. * 

Foreign Depabtment 

N.-W. Provinces— Atkinson, E. T.— Gazetteer of the N. W. Provinces, Vol. X (1882)’ 
8vo., Allahabad. # 


Govt. N. W. Pbovinces 

Punjab.— Report on the Administration SUfre Punjab and its Dependencies for 1880-81 
(1881), 8vo., Lahore. 

Panjab Govt. 

„ Selections from the Records of the Govt, of the Punjab, New Series, No. XVIU 
(1882) 8vo„ Lahore* 


Punjab Govt* 


TRANSACTIONS* PROCEEDINGS, Ac., OF SOCIETIES, SURVEYS, Ac. 


Amsterdam. — J aarboek van hot Mijnwezen i* Nederlandsoh Oost-IndiS, Deel II (1881) 
8vo., Amsterdam. 


Netherlands Colonial Dept 
Batavu.— Notulen van de Algemeene en Beftuurs-vergaderingen van hot Bataviaasch 
Genootsohap van knnsten en Wetensehappen, Deal XIX, Noe. 2—4 
(1881-82) 8vo., Batavia* 


THH SOCIBTT* 
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Batatia.— Tabel niMn Nieuw-Indisohe Alphabetten. Bijdrag tot de PalMogrspbis 
van Nederlandaeh-IndiS door E. F. Hollo (1882), 8vo, Batavia. 

The Society. 

„ Tijdsohrift voor indische Taal-Land-en Volkenkunde. Deel XXYII, Afl. 1—5 
(1881-82), 8vo., Batavia. 

The Society. 

„ V erhandelingen van het Bataviaasch Genoctsohap van Kunston en Wetens- 

ohappen, Deal XLI, afl. 9, and XLH, 1 (W>, 8v»* Batavia. 

The Society. 

Belfast.— P roceedings of the Belfast Natural History and Philosophical Society for the 
session 188081 (1882), 8vo* Bella* 

The Society. 

Beblin. — Zeitschriffc der Deutschen Geologisohen Geeellschaft. Band XXXIII, heft 4. 
(1881), 8vo., Berlin. 

The Society. 

Bristol. — Bristol Museum and Library. Report of Proceedings at the 11th Annual Meeting 
held 16th February 1882. (1882), Svo., Bristol 

Tee Museum. 

Bbusbels.— Bulletin de la Socidtd Beige de Gdograpnie, No. 6, 1881 ; and No. 1, 1882 ; 
(1881-82), 8vo., Bruxelles. 

The Society. 

„ Proofs -Yerbaux dos Stances de la Socidtd Royale Malaeologique de Belgique 

Tome XI, pp. I to LXXV. (1882), 8vo., Bruxelles. 

The Society. 

Caen. — Bulletin de la Sooidtd Linndenne de Normandie, 3me Sdrie, VoL IY. (1880), 8vo., 
Caen. 

The Society. 

Calcutta.— General Report on the Operations of the Survey of India for 1880-81. (1882) 
fUo., Calcutta. 

The Subvey of India. 

„ Journal of the Asiatic Society of Bengal. New series, Yol. XLIX, Extra number 
to Part I. for 1880 ; and Yol. LI, part I, No. 1 (1882). (1880 and 1882) 
8vo., Calcutta. 

The Society. 

„ Proceedings of the Asiatie Society of Bengal, Nos. II— IY, (1882), 8vo., 
Calcutta. 

The Society. 

n Records of the Geological Survey of India, YoL XY, Ft 2* (1882), 8vo., 
Calcutta. 

Geological Subvey of India. 

it Report of the Areb Geological Sumy of India, Yol XIII. (1882) 8vo* Calcutta. 

Home Dept. 

M University of Calcutta. Minutes for the year 1881-82. (1882), 8vo., Calcutta. 

Me. H. B, Mbdlioott. 

Cambbidgb.— Bulletin of the Museum of Comparative Zoology, VoL IX, Nos. 6— a (1882), 
8vo.,^Cambridge. 

The Museum of Compabatiyb Zoology. 

CaPENHAGEjr.— Mldinoires de l'Aoaddmie Royale de Copenhague, 6me sdrie, Yol. 1, No. 5. 
(1881), 4to., Copenhague. 


The Academy* 
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Copenhagen.— Oversigfover det Kong, danske Videnskabernes Selskabs, 1881, No. 8, and 
1882, No. 1. (1881-82), 8vo., Copenbague. 

The Academy. 

Edinbubgh.— Proceedings of tbe Royal Society of Edinburgh, 1833—34, No. 4 ; Vol. X, 
Nos. 103 and 107 ; Vol. XI, No. 108 (1833, 1834, and 1878 to 1881) 
8vo., Edinburgh, 

The Society. 

„ Transactions of the Royal Society of Edinburgh, Vol. XXVIII, Pt. 3 ; XXIX, 
Pta. 1— 2; and XXX, Pt. 1 (1877 to 1881) 4to., Edinburgh. 

The Society. 

„ Transactions of the Royal Scottish Society of Arts, Vol. X, Pt. 4. (1882), 
8vo., Edinburgh. 

The Society. 

Habbisbubg.— Second Geological Survey of Pennsylvania. Report of Progress, V, by 
H. Martyn Chanoe. (1879), 8vo., Harrisburg. 

The Subvey. 

Indianapolis.— Annual Reports of the Geological Survey of Indiana from 1873 to 1876. 
(1874-1876), 8vo., Indianapolis. 

Mb. W. T. Blinfobd. 

London. — Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XI, 
No. 3. (1882), 8vo„ London. 

„ Journal of the Iron and Steel Institute, No. II (1881), 8vo., London. 

The Institute. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland. New Series, 
Vol. XIV, Part 1. (1882), 8vo., London. 

The Society. 

., Journal of the Society of Arts, Vol. XXX, Nos. 1529—1542. (1882), 8vo., 
London. 

The Society, 

„ Proceedings of the Royal Geographical Society, New Series, Vol. IV, Nos. 2-5. 
(1882), 8vo., London. 

The Society. 

, r Proceedings of the ' Royal Society of London, VoL XXXIII, Nos. 216—218. 
(1881), 8vo., London. . 

* The Society. 

„ Proceedings of the Zoological Society of London, 1881, Part 4. (1882), 8vo., 
London. 

The Society. 

„ Transactions of the Zoological Sooiety of London, Vol. XI, Part 6, and General 
Index to Vols. I to X. (1881), 4to., London. 

The Society. 

„ Quarterly Journal of the Geological Society, Vol. XXXVIII, Parti, No. 149/ 
(1882), 8vo., London. 

The Society. 

Madbid.— Boletin de la Sooiedad Geografica de Madrid, Vol. XII, Nos. 2—4. * (1882), 8vo., 
Madrid. 

The Society* 
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Manchesteb.— Transactions of the Manchester Geological Society, Yol. XYI, parts 13-*15 t 
(1882), 8vo., Manchester. 

The Socibtt. 

Melboubne. — Report of the Chief Inspector of Mines to the Hon'ble the Minister of Mines 
for 1881. (1882) fisc., Melbourne. 

Mxnibg Depabthent, Vict obia. 
„ Reports of the Mining Surveyors and Registrars for quarter ending 81st 
December 1881. (1882) Use* Melbourne. 

Minxbg Depabthent, Victobia. 
Moscow.— Bulletin de la Socidtd Impdriale dee Naturalistes, Tome LVI, pt. 1 (1881), Svo* 
Mosoou. 

Thb Socibtt. 


„ Nouveaux Mdmoires de la Socidtd Impdriale des Natnralistes de Mosoou. Tome 
XIV, livr. 2 (1881) 4to., Mosoou. 

N Thb Socibtt. 

Newcastle-upon-Tyne. — Transactions of the Nortb of England Institute of Mining and 
Mechanical Engineers, 2nd Edition, Yols. I-II, (1860-1888) ; 1st Edition* 
VIII to XX and XXII to XXXI, parts 1-3 (1860 to 1882), 8vo., New- 
castle. 

Thb Institute. 

Newcastle -upon Tyne.— An account of tho Strata of Northumberland and Durham as 
proved by borings and sinkings, A to B and C to E, (1878 and 1881) 8vo., 
Newcastle. 

The Institute. 

Pabis. — Bulletin do la Socidtd Gdologique de France, 3me Sdrie, Tome X, No. 2, (1882), 8vo. 
Paris. 

The Society. 

„ Mdmoires de la Socidtd Gdologique de France, 3me. Sdrie, Tome II, Nos. 1-2 (1881- 
1882), 4to., Paris. 

Thb Society. 


, Comptes Rendus bebdomadaires des sdances de l’Acaddmie des Sciences, Yds. 
LXXXIX to XCI (1879-80), 4to , Paris. 

Thb Academy- 

, Institut de France, Acaddmie des Sciences. Raoneil de Mdmoires Rapports et 
Documents relatifs a l’observation du Passage de Ydnos sur le Soleil. 
Tome II, No. 2. (1880), 4to., Paris. 

Thb Acadbmt. 

„ Tables Gdndrales des travauz contenus dans les Mdmoires de 1/ Acaddmie dec 
Sciences, Ire Sdrie, Tomes I a XIV, et 2de Sdrie, Tomes I a XL. (1881), 

4to., Paris. • 

Thb Academy. 

„ Tables Gdndrales des travaux contenus dans les Mdmoires prdsentds par divers 
savants a r Acaddmie des Sciences, Ire Sdrie, Tomes I a II, et 2de Sdrie, 
Tomes I a XXV. (1881), 4to., Paris. 

Tbs Acadbmt. 

„ Legrand, Dr.— La Nouvelle Sooidtd Indo-Cbinoise fondde par M. le Marquis de 
Croizier et son ouvrage L* Art Khmer. (1878), «8vo. pht., Paris. 

Thi Socibtt, 
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Pxbu. — M 6moire» de la Soci4t4 Acaddmique Indo-ChinoUe de Pari., VoL U. (1870), 4 to., 
Paris. 

The Society. 

„ Society Acaddmique Indo-Chinoise de Paris. Aotes Compte Benda des Stances. 
Vol. I p pt. 1. (1879), 8vo., Paris. 

Thb Society. 

„ Socidtd Aeaddmiqne IndoXJhinoise de Paris. Rapport sur la possibility d'dtablir 
des relations oommerciales entre la France et la Birmanie, par Louis 
Yossion. (1879), 8vo. pbt., Paris. 

Thb Society. 

Penzance.— Transactions of the Royal Geological Society of Cornwall, Yol. X, Part 4. 
(1882), 8vo., Penzanoe. 

Thb Society. 

Philadelphia. — Journal of the Franklin Institute, 3rd Series, Yol. LXXXIII, Nos. 2-6. 
( 1882 ,) 8vo., Philadelphia. 

The Institute* 

Pisa. — Atti della Societa Toscana di Scienze Naturali. Processi Yerbali, Yol. Ill, pp. 29*91. 
( 1882 ), 8vo., Pisa. 

The Society. 

Roms.— Atti della R. Aocademia deiLinoei, 3rd Series, Transunti, Yol. VI, fasc. 7-12 ( 1882), 
4to., Roma. 

The Academy. 

Salbm. — Bulletin of the Essex Institute, Yol. XIII, Nos. 10-12 ( 1882), 8vo., Salem. 

The Institute. 

Shanghai. — Journal of the North China Branoh of the Royal Asiatio Society, Vol. I, No. 

3 ; II., No. I ; New Series, Nos. I to IY, and Nos. YI to XYI., pts 1-2# 
(1859 to 1882 ), 8vo., Shanghai. 

The Society. 

„ Catalogue of the Library of the North China Branoh of the Royal Asiatio 
Society, by Henri Cordier. ( 1872. ), 8va, Shanghai. 

The Society. 

„ Report of the Council of the North China Branoh of the Royal Asiatio Sooiety 
from 1864 to 1868. (1866*69). 8ro., Shanghai. 

Thb Society. 

St. Petbhsbubo.— Bulletin de L’Aceddmie Imperials des Sciences de St Pdtersbourg, Yol. 
XXVII, No. 8( 1881 ), 4to., St. Pdtershourg. 

The Academy. 

„ Mdmoires de ^L’Aoaddmie Impdriale dss Sciences de St. Pdtersbourg, 

7me Sdrie, Yol. XXYIII, Nos. 8 and 9 ; and XXIX., Nos. 1-3 ( 1881), 4to., 
St. Pdtershourg. 

Thb Academy. 

Sydmpy-— Jourpal and Proceedings of the Royal Sooiety of New South Wales, Yol. XIV, 
( 1881 ), 8vo., Sydney. 

The Society. 

TuBiH.-^Atti deUa R. Aocademia daUe Soieaee di Toriao, Yol. XVH, Nos. 2-4 (1882), 8m, 
Toriqg, 

v* 


The Academy. 
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Vienna.— Jahrbueh <k* bale. konig. Geologischen Reiohaanatalt, Band XXXI, No*. 2-4 
( ] 881 ), 6vo.| Wien. 


Thb.InMitpte. 

Fuhrer zn den exonreionen der Deutacben Geeellaohaft naeb der Allgemeinen 
Veraammlung in Wien 1877. (1877), 8vo., Wien . 


The InarrmtE. 

„ Verhandlnngen der k. k. Geologischen Bichaanatalt, Be. 18 (1881) and Noe. 4-8. 
(1882). (1881-82) 8vo., Wien. 


Tgi Imtitote. 

Yokohama.— Mittheflungender Deutachen Gonellaehaft far Natur nnd Volkerkunde Oatasi- 
ens, Heft. 26. ( 1882 ). flue., Yokohama. 


The Soctot 
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Notes on a traverse across some gold-field of Mysore, by R. Bruce Foote, 
f. G. s., Deputy Superintendent , Geological Survey of India , ( With a wap.) 

In August 1881, 1 made a rapid traverse north-westward from Bangalore 
to the neighbourhood of Honali (Honhully) on the Tungabhadra and very nearly 
up to the southern boundary of Dharwar District. As my route lay in most 
parts across a very bare and open country and I travelled by day only, map in 
hand, I was able to form a very fair general idea of the leading features of the 
country, which proved to be of much interest for comparison with the results of 
various traverses I had made in the South Mahratta Country, the southern part 
of which is formed of the northerly continuation of the great gneissio series 
which forms the Mysore plateau. Later in the year I connected the Bangalore 
end of the traverse with older work in Salem District by another traverse along 
the Madras railway down to Jalarpett Junction. The results of the combined 
traverses Bhow that the Mysore table-land is traversed by great bands of granitoid 
and schistose gneiss, the southerly extensions of some of the great bands recog- 
nized in the South Mahratta Country. When the whole of this region shall 
have been geologically examined it is more than probable that all the bands 
known to the north of the Tungabhadra (see map ) will be traced far to the 
south. The traverse now to be described shows that three great bands of 
schistose rock ocour on the Mysore plateau, and that two of these are actual 
continuations. of two of the great schistose bands in Dharwar districts which, in 
my Memoir of the Geology of the South Mahratta Country (Memoirs, Geological 
Survey of India, Vol. XII, p 43) I described as the Nargnnd and Bail Bengal 
(Dharwar) bands. For convenience of description these bands will m the seguel 
be referred to as the " Dharwar— Shimoga ” and “ Dambal— Chiknayakanhaili M 
bands. Both these bands have been traced across the Tungabhadra^ the latter 
in a chain of hilla running down southward to Chitteldrug and O hikna yakan- 
halli, while the former forms another chain of hills passing Harihar (Hurryur) 
and Shimoga and stretching further south towards Hassan. These bands are 
of considerable width, the Dambal — Chiknayakanhaili band, which is consi- 
derably the narrower of the two, measuring 18 miles across where crossed by 
the line of section. In addition to their geological interest, these two bands axe 
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of importance, as within their limits occur several of the auriferous tracts which 
have of late attracted so much attention. The Dharw&r — Shimoga band is slightly 
auriferous at its northern extremity, and streams rising on it near Bail Hongal 
and Belowaddi in the Sampgaon Taluq of Belgaum district used formerly to be 
washed for gold. The auriferous tract of Honali lies within the same schistose 
band a little to the north of Shimoga. The Dambal — Chiknayakanhalli band 
contains the auriferous tract of the Kapputgode hills, near Dambal to the north 
of the Tungabliadra ; while south of that river on the Mysore plateau, near the 
town of Chiknayakanhalli, are quartz reefs reported to be auriferous, and which 
have attracted the notice of several speculators, who have taken up land for min- 
ing purposes. 

This schistose band is seen to stretch away far to the south-south-east in a 
line of low hills, and is said to extend to Seringapatam, passing that place and 
the town of Mysore to the eastward, and then trending round to the south-west 
and continuing into south-eastern Wynaad, where it forms the gold-field around 
Devala. This tallies with Mr King’s observations in the Wyndad,' a strong band 
of schistose gneiss having been Bhown by him to occur at and around Devala, in 
which chloritic schists occupy an important position. My informant as to this ex- 
tension of the Dambal — Chiknayakanhalli band was Mr. Lavelle, the pioneer gold 
prospector of the present time, who has traced the band from the Wyndad north to 
beyond Chitteldrug. I have no doubt but that Mr. Lavclle’s observations will be 
fully confirmed when the whole of Mysore shall have been surveyed geologically. 
If the parallelism of strike continues between the southward extension of the 
Dharwar — Shimoga band and that of the Dambal — Chiknayakanhalli band, it is 
highly probable that the former will be found to constitute the auriferous tract 
said to exist in the North Wyndad. The stratigraphical relations of the several 
great bands, both granitoid and schistose, have yet to be worked out, for in the 
northern part of the great gneissic area they were found too obscure to be 
satisfactorily explained, and it remains to be seen whether they represent two 
or more great systems. Their position and relation are shown in the accompany- 
ing map and section. 

If the line of section he followed from S.-E. to N.-W. it will be seen to 

Bock, men along the traverBe a re ^ on of ver 7 g^te gneiss, extending 

line of section. from Jallarpett Junction (Madras Railway, South-West 

Eastern granite-gneiss Line and Bangalore Branch) for a distance of some 30 

* miles. This granite-gneiss tract forms the eastern edge 

of the great Mysore plateau which is here a wild, rugged, picturesque jungle 
region. 

To the west the section crosses at its narrowest part the band of schistose 
rocks in which lies a little to the north of the railway the 
t 0 M b£u<f ,ld fleld *° Ui ' now well-known Solar gold-field, at present a scene of 
energetic mining work on the lands taken up by a 
number of large mining companies. This schistose hand, which will be most 

1 See Prelimh&nry note on the gold-fields of South-east WynAad, Arc., by William King, B.A., 
Doputy Superintendent, Geological Survey of India. Records, Geol. Surv. of India, VoL VII, p. 20. 
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appropriately called the Kolarj schistose hand, forms an important synclinal 
trough resting cm th# j^pent granite-gneiss rocks. It is the only one of the 
great schistose bands whose relations to the associated bands of granitoid rocks 
have (as yet) been distinctly traced. A fuller aooount of this band with especial 
reference to its auriferons character will be given further on. 

On crossing this Kolar gold-field band, the section trends northerly as far as 
the Kolar road railway station When it bends sharp round 
gndss band* ® fra,lite ’ to the west and continues in that direction as far as Ban- 
galore. The eery broad band of granitoid gneiss, winch 
extends between the Kolar gold-field achistose band to the second great ; 
schistose band (the D&mbal — Ch iknay akauhallf band), forms in its eastern part 
an open undulating plain from which rise a few important rooky hills, as the 
Tyakal (Tiacull of sheet 78), Balery and Vakelair hills north of the railway. 
A number of small low table-topped bills are also to be seen at small dis- 
tances from the railway, as tlio Bettarayan Bette, (Baterine hill of sheet 78), 
34 miles north-east of Kolar Road railway station, the Patendur hill, 2 miles 
south- west- by-south of the Kargudi (Curgoory) railway station, and the low 
hillock crowned by a mantapam about a mile north of the Maharajah’s new 
palace at Bangalore. These three hillocks are capped with beds of true sedi- 
mentary laterite underlaid by lithomargio clays. Of precisely the same aspect, 
both in form and colour, are the Shiva Samudra, Jinuagra and Ohicka Tagaly 
hills which lie a few miles north of the railway near the Kargudi and Mallur 
stations. Identical in form and appearance also is a much more extensive develop- 
ment of table-topped plateaus which are well seen from Bettarayan hill lying 
several miles to the north and covering a considerable area. The laterite at the 
north-eastern end of the Patendur hill is distinctly conglomeratic and contains 
a tolerable number of well-rolled quartz pebbles. The red colour of the sides of 
these hills and plateaus added to their sharp out tabular shape, makes them con- 
spicuous from considerable distances. No organic remains were found in oonnec- 
tion with these lateritio beds, and the number of sections examined was not 
sufficient to enable me to form any positive opinion as to their origin, and still 
less so as to tbeir geological age,— but there can be no doubt that they are the 
scattered outlying remains of a formerly far more extensive formation. 

To the north-west of Bangalore the undulation of the country increases 
considerably and the streams run in much deeper channels affording more 
numerous sections both of the surface soil and sub-rock. The surface of tho 
country is generally covered with a thick layer of red soil which often contains 
a large percentage of pisolitio iron (haematite) in segregations! form. 

Thirty-two miles north-west of Bangalore the section outs across the line of 
hills running north and south from the Cauvery river, a little east of the great 
falls, up to Nidugal on the frontier of the Bellary district. This line of hills 
culminates close to the section in the fine peak of Sivaganga which attains the 

1 The expression line of hilla is used in preference to the term chain aa there Sc little continuity 
of high ground, the hilla being mostly quite detached aud separated in some parts by considerable 
epaoes. 
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height of 4,559 feet above sea-level. Like many other groups of granitoid gneiss 
hills in the south, these hills are very rooky and bare and look as if they had never 
been covered with a real forest growth. 

The section maintains its north-westerly course up to Tumkur, beyond which 
town it turns suddenly westward and, after a course of 
h^^istowbmd? 1 ” 11 " 16 miles in remarkably few outcrops of rock are 

seen, meets the second great band of schistose rooks in 
the line of hills rising between Hagalvadi and Chiknayakanhalli. This second 
g\ eat band of schists is, as will be seen by a glance at the accompanying 
map, the southerly continuation of the Dambal — Chiknayakanhalli schist band 
ns defined above (page 191). The width of this extremely well marked 
schistose band which the section crosses at right angles is 18 miles. The 
character of the scenery is markedly different; smooth grass grown hills, 
generally well rounded, with very few conspicuous exposures of rock, take 
the placo of the bold rocky bare hill masseH soen east of Tumkur. The rocks 
consist of hornblendic, chloritic and hsematitic schists cropping out at very 
high angles or in vertical beds. Several large quartz reefs occur traversing 
these schists, and one large one crosses the road some distance west of Dodygan 
halli. Time did not allow of my doing any prospecting here, but several pros- 
pectors have stated that their researches were rewarded by the discovery of gold 
in appreciable quantity both in the quartz and by washing the local soils. The 
extension southward of this schist band may be traced by the eye for many miles 
owing to the very characteristic features of the low line of heights which extends 
south in the direction of Seringapatam. That they extend still further south 
and then trend south-westward into the south-eastern part of the Wynaad may 
be assumed as a fact on the strength of the information kindly furnished by 
Mr. Lavelle, the pioneer gold prospector — (See ante , page 192). The contact of 
the schists and granitoid gneiss is unfortunately concealed by superficial deposits 
at- the places where the section cuts across their respective boundaries, but the 
impression left in my mind by the general appearance of the localities was that 
the schists were overlying the granitoid beds, and the same relation appeared to 
me to exist in the Dambal gold-field, as far as its western boundary is concerned. 
The eastern boundary of the schist band was not traced near Dambal and Gadag 
(Gudduck), but further north it is completely hidden by the tremendous spread 
of cotton soil there prevailing. Passing on a little to the south of west from the 
schistose band the section runs across a granitoid gneiss region, and after passing 
Tripatnr crosses the watershed between the Cauvery and Krishna hydrological 
basins, the section trending more and more north-westerly along a rapid descent. 
It leaves the high, picturesque, granitoid hill masses of Hirekal Gudda and 
Gardangiri to the right and beyond Banavar skirtB the eastern boundary of the 
third or Dharwar — Shimoga schist band for several miles, hut does not actually 
leave the granitoid rocks till it has passed Kndur by some six miles. The rooks of 
this granitoid band, which may for convenience be called the Mulgund-Kadur 
hand, offer no speciality -calling for remark. Like the hilly region running east of 
Tomkur, the lulls may preferably be described as forming a line rather than a 
chain for they occur in numerous detached masses. 
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As just mentioned, the section gets on to the third schistose band six miles to 
iorth-west of Kadur, and here the sobists are mostly 
BcWiTband~ Sllim0fifa ohloritic, of pale colour with intercalated more highly 
siliceous bands, ranging from chloritio gneiss to quartzite. 
To the south of the road the quartzites increase much in development and Tape into 
a high ridge with a great cliffy scarp on the eastern face of Ooancancul peak. 
Further west, to the south of the high road, rises 4 considerable hill of very 
rugged nature, which, when seen from a distance, presents great resemblance 
to a typical granitoid gneiss hill. On closer approach the rock is seen to havea 
very coarsely mottled structure which turns out to be due to the presence of 
enormous numbers of Welfrrou&ded pebbles of a graoiteor 
compact granite gneiss*. #ke size of , the included Stones 
ranges in the part I examined from small pebbles 
to small boulders, all enclosed in a greenish-grey foliated chloritio matrix. 
The thickness of the conglomerate here exposed must be very great, as proved 
by the size of the hill which goes by the name of the Eal Drug (Cull Drong). 
To the north, the beds are soon lost sight of under the local alluvium of the 
Kushi (Cooshy) river and they are not seen to re-appear conspicuously in the 
hilly country on the north side of the valley. To the west of the great conglom- 
erate beds follow more schistose beds, and, as seen on the hill slopes south of 
the road, a great series of quartzites. Near Tairakerra, and to the north-west 
of it, very few exposures of rock are met with as far as Bankipoor, hut the few 
that do show through the thick woods which here cover everything, prove 
the country to be formed of schistose members of the Grneissio Series. About 
four miles north-west of Tairakerra the road crosses a very small outcrop of 
typical haematite schist, striking in a northerly direction. A good deal of 
rook shows in the bed of the Bhadra river at and above Bankipoor, but the forms 
seen are not very characteristic, and at the time of my passing everything was 
obscured by a thick layer of slimy mud left by a high fresh in the river. This 
part of the section would be very unsatisfactory were it not that the schistose 
character of the beds forming the line of hills extending northward parallel with 
the valley of the Bhadra shows quite clearly the extension of the rooks seen 
south-east and east of Tairakerra. Between Bankipoor and Shimoga very little 
rock of any sort is seen, but about half way across the Doab, between the Tunga 
and Bhadra rivers, a band of fine-grained grey granite gneiss is crossed, while to 
the east and south of Shimoga town are several conspicuous large masses of a 
chloritio variety of granite gneiss. The exact relation of these granitoid out- 
crops to the great schist series further east I had not the opportunity of deter- 
mining, and am not quite certain whether they represent the eastern border of 
another great granitoid band, or whether they ore part only of an unimportant 
local band of granitoid rook. I am inclined to think the latter will be found 
the real oondition of things when the country oomes to be folly surveyed. The 
short space of time at my command prevented my making a detour to settle 
this point. Here, too, the extent and thickness of the jungle growth greatly hide 
the general surface of the country along the road, while the rainy or misty 
character of the weather tended much to obscure the appearance of hills at but 
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very moderate distances. Though the exigencies of dfik travelling compelled me 
to make the detour to Shimoga instead of following the line of schistose beds 
northward from Bankipoor, I am perfectly satisfied as to the fact of these 
schiste continuing northward, and joining those whioh cross the united rivers 
forming the Tungabhadra, a few miles below the junction of the Tunga and 
Bhadra. The oountry here is much freer from jungle, and many ridges of rock, 
consisting of quartzites and chlorite schists with rocks of intermediate, character, 
can be traced for miles. This part of the section extends from the bank of the 
river for rather more than 20 miles, — from the travellers’ bungalow at Hollalur 
north-westward to the Toancull-betta Trigonometrical station, six miles east 
by south of Shikarpur. Along the twelve miles of road between Shimoga and 
Hollalur but little is seen of the older rocks, the road lying close to the left 
bank of the Tunga and Tungabhadra, and passing almost entirely over the 
river alluvium which at and to the north-east of the Hollalur bungalow forms a 
coarse bed of rounded shingles, rising a considerable height above the present 
high flood level of the united rivers. 

The most striking features both orographically and geologically of this part 
of the Mysore country are the quartzite outcrops, which are numerous, but of 
which only the principal ones require notice. Of these the best marked, longest 
and highest culminates in the Kalva Ranganbetta, a fine hill rising some 1,200 ' 
above the plain, and 3,388' above searlevel 16 miles to the north of Shimoga. 
The outcrop of the great quartzite beds forming this ridge has a distinct dip of 
some 60°-65° (on the average) to tho north-east. The quartzites are under- 
laid by a schistose (chloritio) series, the south-westward extension of which was 
not ascertained. Overlying the quartzites which are generally flaggy in character 
(but which here and there become so highly charged with scales of pale green 
chlorite as almost to lose their quartzitic character, and pass into ohloritic 
gneiss) are local beds of true conglomerate, — the first I 
of KaWa hav ® met with or heard of “ the gaeiseic rock of the 

Peninsula. The conglomerate has evidently undergone 
considerable metamorphosis, but its real character aud truly clastic origin 
cannot be doubted when carefully examined. Many of the included pebbles 
appear to have been fractured by the great pressure undergone, but their truly 
rounded character is quite ..distinct and unmistakable. Tho beds seen by me and 
traced for several hundred yards, are exposed a little way up the slope of Kalva 
Ranganbetta peak, and a little to the north-west of a small, but rather conspicu- 
ous, pagoda, which stands in a little recess. The included pebbles in the con- 
glomerate consist chiefly of quartz, a few of gneiss, and some of what appeared 
an older quartzite. A second intended visit and closer examination of this very 
interesting bed was prevented much to my sorrow by bad weather. The second 
in importance of the quartzite ridges has its eastern extremity in the bed and left 
bank of the first west to east reach of the Tungabhadra below the Kudali 
(Goodly of sheet 42) Sangam, or junction. West of the new high road from 
Shimoga to Honnali (Honhnlly) the quartzite beds rise into the Phillur Gudda 
(hill), and beyond that rise again into a considerable hill some 400' to 6W high 
aud may bo followed easily for several miles to the north-west. The quartz-. 
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itic character is then in great measure or entirely lost by the rock becoming, 
highly chloritio and th$)^£%can no longer be safely distingtiished from the sur- 
rounding mass of chloritio schist. In the north-westerly part of this FhiUur 
Gudda ridge several pebbly beds were observed intercalated between the more 
or less uhloritic quartzite. They differed from the Kalva 
lar^G^Ldaridge! ° f PhU " Ranganbetta beds in being less coarse and having a mam 
chloritio matrix, but had undergone about un equal 
amount of metamorphosis. A considerable number of quartzite ridges are inter- 
calated between Phillur Gudda ridge, and the 'southern end of the Khiva Itys- 
ganbetta ridge, which terminates in the Nelli Gudda Trigonometrical station bffi, 

7 miles west-north-west of the Kudali S&ngam. To these ridges may be ascribed 
the existence of the group of hills they occur in, as but for their greater durabi- 
lity and resisting power to weather action, they would certainly have been 
worn down to the low level of the purely chloritic part of the schistose band, 
both to the north-west and south-east. Unless there has been an inversion of the 
strata on a rather large scale, or faults exist which were not obvious during the 
rapid survey, the Kalva Ranganbetta quartzites underlie all the beds to the 
northward of it. Another series of overlying quartzites is shown to the north- 
north-west of Kalva Ranganbetta ; bnt the relation between it and die upper 
beds just described could not be determined without a much more close exami- 
nation of the district, more especially as the space between the two sets of 
outcrops is very largely and closely covered by spreads of regur. The chloritio 
schists offer no specially interesting features, and they are not, as a rule, well seen, 
except on the slopes of the hills, the general face of the country being much 
obscured by red or black soil, which both of them occur in great thickness. 

One remaining point of great interest is the large number of important quartz 
veins, or reefs, which traverse the belt of chloritio rooks 
The Honnali gold-field. oyerljing the Kalva Ranganbetta quartzites. They are 

the source of the gold occurring in the thick red soil which covers the whole faoe 
of the low-lying country, and which has been washed for gold, certainly for 
several generations past, by several families of “ Jalgars” residing at Palavan- 
halli. The gold is so generally distributed through the red soil that it is clear 
that many of the reefs must be auriferous, and the quantity found is sufficient to 
justify strong hopes that a profitable mining industry may be developed by work- 
ing the richer reefs. Several of the series of reefs close to Devi Kop, a little 
village miles east-south-east of the Kalva Ranganbetta, had been carefully 
and deeply prospected at the time of my visit by Mr. Henry Prideaux, Jd.E., 
and in one case certainly with very marked success. The quartz in this case 
was found very rich in gold, which was visible in grains and scales scattered 
pretty freely through the mass. The quartz in many parts had a quasi- 
breociated structure with films and plates of blue-green chlorite occurring along 
cracks in the mass. Near the surface the chlorite, with which were asso- 
ciated small inclusions of pyrites, had often weathered into a rusty brown mass. 
The reef which at the time of my visit was regarded as the most promising, and 
to which the name of w Turnbull’s reef” bad been given, is one of a series of 
three that can be traced with somn breaks for a distance of six miles nearly 
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parallel 'with the great quartzite ridge of the Kalva Ranganbetta, the true 
strike of the reef being from N. 40° W. to 8. 40" E. Another important set of 
three reefs having tho same strike occurs about half a mile north of the first 
series, but they are not visible for such a long distanoe, their north-western 
course being covered by the thick spread of cotton soil. To the south-east they, 
or at least one of them, can be traced across the Nyamti nullah, whioh divides 
the gold-field in two. Out-crops of vein-quartz in a line with a south-easterly 
extension of this set of reefs are to be seen north and east of Palavanhalli 
(Pulluan hully of sheet 42). Numerous other quartz reefs having the same 
strike' occur in the south-eastern half of the gold-field, e.g., a set of four, rather 
more than a mile north-east of Palavanhalli, and several others to the north of 
Dasarlialli and south of Kunthua. A few reefs were also noticed whose strike 
was different from those above referred to. They represent two other systems of 
fissures, the one running N. 5° E. to S. 5° W.; the other, W. 5° N. to B. 5° S. 
Several of both these series aro of very promising appearance, tho “back of 
the lode” bearing considerable resemblance to that of “Turnbull’s reef.” The 
greater number of the roofs in the Honnali gold-field are woll-marked examples 
of these fissure veins. Tho richness of the “Turnbull ” and other adjacent reefs 
will ere long bo fairly proved, as Messrs. Wilson & Co., of Madras, have, in 
company with other capitalists in England, formed an association to open up 
mines on the lands they have taken up from the Mysore Government. Their 
prospects of success are certainly greater than those of sundry other companies 
whose shares are or were till lately favourably quoted. r 

The Honnali gold-field appears to have been known a long time to the natives 
but only came under European notice through Colonel R. Cole, late of the Mysore 
Commission, who not very long since received several small nuggets from a native 
local official, with the assurance that they came from that part of the country. The 
occurrenoe of gold both in the soil and reef has since been amply established by 
the researches of Messrs. BUI and Turnbull, of Wilson & Co., and of Mr. Mervyn 
Smith, but specially by the thorough-going system of deep prospecting followed 
by Mr. Henry Prideaux, the Mining Engineer employed by Messrs. Wilson & Co 
Mr. Prideaux’s large experience in Californian and Nevada mines had fully 
convinced him of the absolute necessity df deep prospecting, in other words of 
preliminary mining, to get below the weathered backs of the lodes, before attempt- 
ing to pronounce an opinion ,as to the real value of prospects. I am indebted 
to him for much courtesy during my stay at the Honnali gold-field and for much 
valuable practical information, most willingly and pleasantly imparted. 

During my stay at Devi Kop, I watched the results of many washings both of 
crushed quarts and of the red soil taken from many localities and various levels* 
The great majority were highly satisfactory. The Jalgars, or local gold, 
washers, seem to be a fairly prosperous set of men, so their earnings must be fairly 
remunerative. They oonfine their attention, as far as I could ascertain, pretty 
generally to the high lying red soil banks, between Devi Kop and the Nyamti 
nullah. The head Jalgar, a very intelligent old man and dexterous gold- 
washer, informed me that the best day’s work he had ever done was thd finding 
of a small pocket in the gneiss which contained about Rs. 80 of gold in 
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small grains and scales. I gathered from him that ho had not found anything 
beyond the size of a*“pepite.* The position of these eurifertWa banka near 
Devi Kop would admit Ot hydraulic mining oyer a considerable area by a Bystem 
of dams and channels to bring water from the Nyamti (Nam tee of sheet 42) nul- 
lah, but the question of the profitableness of such an undertaking could only 
be decided by an expert after careful examination and more numerous trials by 
washing. 

The schistose band, which bears within its limits the “Kolar gold-field,” 
forms an elongated synclinal fold which in parts rises 
gold°Md.° n *** KoUl somewhat over the general Intel of the surmmding grani- 
toid country. The dip of the rooks forming the base- 
ment of the schistose band, and therefore the boundaries of the synclinal fold, 
is easily traced on both sides ; not stf, however, is the dip of the uppermost 
members of the group, for all the beds exposed in the centre of the band have 
been much altered by great pressure which has superinduced an irregular 
slaty cleavage to a great extent. This, oombined with extensive minute 
jointing, has so greatly altered the original texture of the rocks that they have 
assumed to a very great extent a highly trappoid appearance. The lines of 
bedding are completely obliterated, and it was impossible to decide from the sections 
I saw whether the central axis of the synclinal represents one great acute fold, or a 
series of minor ones in small Vandykes. The great petrological similarity of the 
strata forming the upper (central) part of the synclinal makes the deoipherment 
of this difficulty all the greater. The sections I saw in the several shafts being 
sunk at tbe time of my visit threw no light on the subject ; it is possible, how- 
ever, that a closer study of these sections would go far to enable this point to be 
decided. 

The succession of formations seen from west to east, after leaving General 
Beresford's bungalow at AjipAlli on the road from Kolar Road railway station 
to tbe gold-field, is micaceous gneiss (resting on the granitoid gneiss), chloritio 
gneiss, micaceous schist, hsematitio quartzite, and chloritio schist, on which rest* 
a great thickness of homblendio schists, which, as just mentioned, are highly 
altered, and have their planes of bedding almost entirely effaced by the pressure 
and crumpling they have undergone. The eastern side of the fold shows 
near the village of Urigam (Woorigum, sheet 78) well bedded schists -dip. 
ping west from 50 9 to 60° and resting finally on the granitoid rooks. The 
western aide of the gold-field is very clearly demarcated by a well marked ridge 
of h&matitio quartzite which culminates in the Walagamada Trigonometrical 
Station hill, from the top of whioh the majority of the mines can be seen. The 
riding ig often vertical and highly contorted in places. The texture vanes from 
highly jaspideous quartzite to a sohisty sandstoue. The hard jaspideous variety 
generally .shows distinct laminae of brown haematite, alternating with purely 
siliceous laminae generally of white or whitish drab colour. It is only here 
and them, and over veiy trifling areas, that the ferruginous element ever assumes 
the character of red haematite. The beauty of the “ Vandykes ” and com- 
plicated crumpling and breooiations of this rook in the Walag am ada Konda 
is very remarkable. The thickness of the haematitio band is very oonai- 
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derable and it forms the most striking feature of the western side of the 
gold-field. On the eastern side of the gold-field the haematite quartzite is 
much less well developed and exposed, excepting in the south-eastern part 
of the gold-field whore it occurs in thick beds forming the main mass of the Terra 
Konda Trig. Station Hill. Here the dip is about 60° westerly, and affords 
one of the clearest proofs of the synclinal character of the schist band. To the 
southward the hasmatitic beds appear to coalesce the synclinal being pinched 
together, but I had no opportunity of following up the eastern boundary of the 
schistose band. The western boundary is a very conspicuous feature, a bold rocky 
ridge running up into the lofty Malapan Betta peak, the highest Bummit in this 
part of the country. South of Malapan Betta the haematitic beds appear to lose 
their importance and no longer form the most striking feature of the schistose 
band, and micaceous and chloritic beds abound. Owing to the great extent of 
jungle and the rugged character of the country their general relations were not to 
be made out completely in the short time at my disposal. The beds run south 
into the Salem district, and probably occupy the valley lying east and north- 
east of Kistnagiri and, not improbably, extend on towards and past Darampuri. 
A subsidiary ridge of lower elevation, which branches off from the western 
side of Malapan Betta westward and then trends south-west and finally 
south-south- west, also consists of schistose beds of similar character, amongst 
which a heematitic quartzite is the most conspicuous. The relation of these 
latter beds to the Kolar gold-field synclinal fold is quite problematical, but 
it is very probable that several important faults have caused great dislocation 
of the strata first along the boundaries of the main synclinal fold. The 
stratigraphy of the several spurs radiating from Malapan Konda is very com- 
plicated and interesting and well worthy of careful examination. 

The auriferous quartz reefs which have attracted so much attention lie in the 
broader part of the synclinal fold north of the railway. None of any importance 
were seen by me in the tract south of Malapan Betta. The intermediate tract 
I had no opportunity of examining closely, but I did not hear of the existence 
there of any of interest or importance. The reefs make very little show on the 
surface as a rule ; in many cases, indeed, the whole back of the reef, or lodes, has 
been removed during the mining operations of the old native miners, whose work- 
ings were on a rather large scale considering the means they had at command. 
Much also of the surface is masked by scrub jungle or by a thick coating of soil, 
often a local black humus. The reefs are so very inconspicuous that I have not 
attempted to show them on the map. Their run is north and south with a few 
degrees variation either east or west. The hade of the reefs is w esterly in most 
cases, as far as they have been tested by the shafts sunk. The angle they make 
with the horizon is a very high one, on the average not less than from 85° to 87°. 
Much has been said about the reefs in the Kolar not being true fissure veins, 
but I was unable to find any good reason for promulgating this view, and several 
mining engineers of high standing and great experience, as Messrs. Bell Davies, 
Raynor St. Stephen, and other practical miners well acquainted with the locality, 
have no hesitation about calling them “ fissure veins ” or “ lodes,” The quarts 
composing the reefs is a bluish or greyish-black diaphanous *or semi-dia- 
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phonons rock, and remarkaJbly free from sulphides (pyrites, galea*, Ac.) of*any 
kind. The gold, founds very pure and of good color. Severn washings of 
crashed vein strait were uukde in my presence at the ITrigaxhand Kolar mines 
with really satisfactory results, the quantity of gold obtained being very appreci- 
able. The samples operated on were not picked ones. 

* The principal new mines now in progress form a line stretching from south to 
north on the eastern side Of an imaginary axis , drattei 
Position of the mines. along the centre of the synclhtel fold, and this linh coin- 
cides with that followed by the “eld men,” many of y^e ahahdoued workings 
are being extended to greater depth than they had the power of attaining to 
without steam pumping machinery. The principal mines opened along this line 
of country are the Madras, Mysore reefs, Great Southern of Mysore, Kolar, 
Mysore, Uregam (Woorigun), Nandidrug and Balaghat mines, belonging to the 
several companies bearing those names. On the west side of the axis only one 
company, the Kaisar-i-Hind, had started workings at the time of my visit. The 
five most northerly mines of the eastern gronp appeared to be working on exten- 
sions of tbe same set of reefs. ... . . . 

Numerous large dykes of dioritic trap are met with traversing the gneissifc 
rocks of this region. One set of them runs north and 
Intrusive trap rocks. sou th with a variation of about 5° east or west. The other 
runs nearly east and west. The presence of these dykes will offer formidable 
obstacles to the mining works in some places, and ifc will probably be found 
that the intrusion of these great igneous masses has added considerably to the 
metamorphism of the schistose beds along the lines they traverse. As already 
mentioned the schists are most highly altered along the central axis of fce synclinal 
fold, and the largest of the north and south dykes shows a very little tothb 

east of the synclinal axis. . _ 

The Kolar scliistose band is the only one as to the exact stratigraphical rela- 
.. . . tion of which to the granitoid gneiss any positively con- 

tbWlSml sddtt elusive evidence had been obtained ; but there is reason to 
bands. . believe that at least three of the schistose bands to the 

westward of it, viz., those of Sundur, near Bellaiy, of Dambal-Chiknayakau- 
halli, and of Dharwar— Shimoga are similarly superimposed on the granitoid 
rocks.. Whether the superposition is a conformable or an . • 

pointthat has yet to be determined by further investigation; at the ^wg^ld^^ 

however, the relation between the schistose synctoal and the imderlying gramte 
gneiss appears to he one of distinct conformity. The Hospet end of the S^dur 
Sust band certainly presents every appearance of being the acute extremity 
of^svncUnal basin. The south-eastern extension of this hand is as yet unknown, 
but there is good reason to expect a considerable extension of it to the sonth- 

““Stel^STiength of the Dambal-ChiknayakanhalU and Dharw^-Shi- 
moga bands preoludes tiie idea that they can be each* pimple synohnalf old, rattier 
ZftW be expected to prove a auooesaion of ajmehnab “ _« hdon * 

JS th5r contact boundaries not unfrequently oommdmg with faults. The geo. 
graphical position of these great bands confirms and amplifies tte evidence to 
tKaot which 1 specially pointed out in my memo* 

latitude 15° N., northward to Masulipatam-Memoirs, Geological Survey of India. 
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volume XVI— that the Peninsula of India had been greatly affected by tremendous 
lateral forces acting mainly from east to west and thrusting up the gneissio rooks 
into huge folds (l. c , p. 39) . These great foldings have undergone extensive 
denudation, and the softer schistose beds especially have been entirely removed 
from large tracts of countiy which they must have formerly covered, if any of the 
bands now remaining really^represent (as they in all probability do) portions* of 
once continuous formations. 

The schistose bands having only been mapped at different points their general 
width, as shown on the annexed sketch map, is only hypothetical, and it is very 
possible that at intermediate points they may either spread out or narrow consider- 
ably. Their relation to the schistose gneissics of the Carnatic Proper has yet to 
be made clear, and it is not at all unlikely that a third sub-division will have to be 
recognized in the crystalline rocks of South India — a sub-division which will in- 
clude the rocks of a character intermediate between the typically schistose rocks 
and the typically granitoid rocks of Mysore and the South Mahratta country, 
namely, the massive gneissics of the Carnatic in which the ferruginous beds are 
magnetic, not hcematitic. 


Record of borings for coal at Beddaddnol, Godavari district , in 1874 , by William 

King, D.Sg., Deputy Superintendent ( Madras ), Geological Surveys , India . 

( With a plan.) 

The outcrop of Bardkar (coal-measure) rocks in the neighbourhood of the 
small village of Beddad&nol is about five square miles in extent, situated on the 
head- waters of a large feeder of the Terra- Kalwa, some 38 miles west-north-west of 
Rdjamandri, and about four miles from the boundary of the Nizam’s dominions 
near Ashraopet. The nearest large village, G-unnapawarum, lies a mile and a half 
to the south. It^is the most southern known outcrop of the coal-measures in 
India ; but veiy probably they extend further south beneath the covering barren 
members of the same Gkmdwdna system, which reach in a straggling fashion to as 
far as Golapilli, 15 miles weBt of Ellore. 

The Beddad&nol outcrop was first detected by Mr. Blanford in 1871 (supra, 
vol. v., p. 24), and notices of the field were subsequently given by me (supra, 
vols. v. and vi., and Memoirs, vol. xviii., p. 247). The detailed record of the 
trial borings will • be of use in future exploration ; the work was executed by 
Mr. Vanstavern. 

From T. Vanstavbbn, Esq., Executive Engineer, Public Works Department, to Majob J. 
Beatty, B.E., District Engineer, Godavery District,— dated Dowlaishweram. 10th 
June 1874, No. 65. 

1 have the honour to submit the following report on the boring operations at Bed- 
daddnol during this last season : — 

The work was commenced in the latter part of February last. On arrival at Bedda* 
dtfnol a place was selected and boring commenced. , 

Bom-hols No. 1. — Level 94 vest. Sub-soil 16 feet. 

After going down to this depth came to land and water. 1 tried tofbrce down the 
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piping and to get the sand up |ritL valve bucket ; but this utterly faffin g I was > far ike want 
of Band tools, obliged t*> abandon this bole and to commence another. 

'Ht . 

2nd.— SncTion- of No. 2 Bore-bole.— Level 100 B. If. 


Sandstone 89*00 

Dark clay . . • ] 17-00 

Shale with ooal 11 ‘WS 

Dark olay * 

Light olay * £7*11 

Black olay 

Sandstone ^.qo 

Dark olay 

Black olay 

Sandstone 3.3 

Light day (soft) . . . 33*0 

Dark clay .6*0 

Brown clay 8 0 

Total . 229*11 


water struck in this bole at 5 feet depth close to tbe main stream. 

This bole was commenced in tbe out-crop Of the bed of sandstone in the hopes of it 
being a solid bed of sandstone overlaying coal ; bat after getting down the full depth bored, 
tbe bole began to give considerable trouble by caving in at tbe soft day ; half a day was 
generally spent clearing out the hole before any further boring could be gone on with, and 
at last it became so bad that tbe hole could not be cleared out; it bad to be abandoned, 
and another hole commenced. 

8rd.— No. 8 Bore-hole — Level 105 feet. 

Water struck at 44 feet deep. 

Sub-soil 
Gravel • 

Sandstone .■ 

White olay . 

Sandstone . 

Conglomerate . 

Sandstone . 

Light day • 

Sandstone ... 

Dark day • 
light day . 

Dark day . 

Sandstone . 

Clay .... 

Sandstone . 

Sandstone with pyritoB 
Argillaceous sandstone 

Total 274*0 

The 10 feet of iron pyrites cost several days* labour to cut through* 

During the working iu this bole some delay occurred, owing to the breaking of ike winch 
frames which had to be repaired before any more work could be done* 

This hole when deep also commenced to give trouble by caving in* 

One day it did so when the valve bucket was down, and after four hours* labour was got 
up with it and the rods twisted. Another attempt was made to dean out the hde, but after 
a whole dsy*s work was unsuccessful and obliged to abandon it. 


. 1*0 
. 2*5 
. 93*7 
. 10*0 
. 39*0 
. 2*0 
. 12*0 
. 10*0 
. 51* 

. 5*6 

. 8*0 
. 2*0 
. 13*0 
. 8*0 
. 8*6 
. 10*0 
* 10*0 
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In this hole no shale or coal was struck, although I expected that the shale of No. 2 
would have shown itself, for this reason shale in No. 2 must be of very little extent to the 
eastward, is either a pocket, or the sandstone beds dip more than they show at the surface. 
To the westward of No. 2 no borings have been sunk and no certain idea can be formed at 
surface of the extent of the bed of shale, but it may be naturally supposed to run in that 
direction according to the dip of the Bandstone and the shale in No. 2 may represent the 
outrun. 

4th.— No. 4 Bobe-hole.— Level 107. 

Water Btruok at 65 feet depth. 


Surfaae soil . «... 1*6 

Light clay 18*6 

Conglomerate 0*6 

Sandstone 47*0 

Bark clay 3*0 

Light olay . 2*6 

Red clay 18*0 

Sandstone 2*0 

Bark olay 13*7 

Sandstone «... 3*5 

Bark clay 12*6 

Sandstone 0 0 

Bark clay 21*0 

Sandstone 1’6 

Bark olay 7*6 

Shale and coal 0*8 

Bark olay 1*0 

Black olay 7'0 

Bark olay 2*6 

Clay with mineral oharooal 5*6 

Iron Pyrites 3*0 

Hard sandstone 4*4 

Black clay and shale 4*10 

Coal 4*6 

Bark day . • 6*6 

Hard stone 0*8 


This gave also continual trouble by caving in, and took daily some hours to clean out 
before work could be commenced. 

Coal has been struck in this hole ; in appearance it is poor and could be anything hut 
the outrun to the east. Further borings would be required to find the extent of the bed, 
and probably it would improve as is generally the case in these beds. 

By the depth it lays at it has Apparently no conneotion with No. 2. 

The dark and black clays in this hole have all carboniferous matter in them, apparently 
plants or leaves, but being so cat np with the boring tools, it is impossible to determine 
them. 

The last 8 inches in this hole took some four days* boring ; the rock is very hard, and 
apparently metamorphous, but I have no means of testing it; a sample aocompaaies the 
clays. 

From W. Kino, Esq., Deputy Superintendent of the Geological Survey of India, to the 
Honoubjlbli D. F. Cjlhmiohabl, Acting Chief Secretary to Government, Madras,— 
dated Calcutta, 12th August 1874, No. 21. 

6. The result Of the coal explorations so far is that four seams of coal, or carbonaceous 
shale, have been struck in the field; one of these in bore-hole No. 2, and three "in No. 4. 
There ie a little discrepancy between the lists of strata in the bore-hoks given in 
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Mr. Vanstavern’s report and the specimens now aent up ; but practically this doea not alter 
the oase. There are fatly specimens marked aB coal, while, in the bore-hole liata, they are 
given aa 11 shale with ooal * la No. 2, “ shale and ooal, ” “ day with mineral charcoal *' and 
“ ooal " in No. 4. 

6. The four apeoimena of ooal are all dull and earthy ; that from the 4} feet seam being 
the beat looking, the others are more or leas associated with clay and shale. Nevertheless 
the fact remains that there are four Beams with coal in them, thick and poor ooal in one, 
and thin and poorer ooal in the others. It is possible that each of these seams may be 
greatly better in quality aud thickness in other parts of the field. 

7. On a private application of Mr. Vanstavem, after I had heard that the specimens 
had been sent down to Madras, he sent me a sample of the lower two feet of the thick seam, 
which is evidently the better part of the deposit. An assay of this sample, made in the Survey 
laboratory by my colleague Mr. Tween, gives the following result — 


Carbon . 16*4 

Volatile ... 30*6 

Ash . ... 580 


100 0 


As a coke 

Carbon 22*5 

Ash 77*5 

100*0 


8. At first sight the large percentage of volatile matter indicates a fair gas coal, but 
Mr. Tween tells me that there must be from 12 to 14 per cent, of moisture included in the 
volatile element. Thus it is emphatically a poor coal. 

9. The samples forwarded from Madras are evidently inferior to that assayed, and are 
not therefore worth examination. 

10. The remaining specimens forwarded are clays, a piece of the “ sandstone with 
pyrites,” and the rook of the “ last cut " in No. 4 bore-hole which, owiug to its hardness, 
practically stopped Mr. Vanstavern, aud led him to look on it as a metaraorphio rock, that 
is, that he had reached the floor of the field. Among the cla^s there is a very dark grey 
variety, which my friend Mr. Hughes of the Geological Survey recognises as similar to some 
of the fire-clays ho has met with in the Raniganj coal-fields. 

11. The rook of the “ last out " is not really so hard as it appears to be in the bore-hole 
when examined as a hand specimen, and it is easily pounded down to a fine powder of olayey 
constitution, without any appreciable calcareous matter in it. It is a rook of brownish- 
green colour, consisting of minute granules of darker substance in a pale green paste, the 
surface being roughened with these granules ; aud it is evidently a form of voloanio rook 
approaching perlite, or perhaps an ashbed. In its mottled appearanoe it is not unlike 
“snake stone" or *' Water of Ayr stone." It is impossible to say whether it is associated 
naturally with the sandstones and olays, *. e. t as a boulder, or as an intercalated bed. This 
can only be found out by further borings, or, as is advisable, by a farther attempt to pieroe 
it in No. 4. 

I do not think it ean he considered as a rook forming the floor of the coal-field, 

12. As previously stated in my paper on this field, th® beds are all, on the average, 
dipping about 10° west-aooth-wesb exoept in the northern part of the field, where they are 
N, W., thus having a strike N. N. W. — 3. 8, E , and then N. &*, and, therefore, had the 
bore-holes been put down in lines starting from the eastern side of the Held and going 
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westward, we should gradually have got through the whole thfoknesa of strata. The work 
was not commenced till very late iu the season, and thus I wished, if possible* to get at ooal 
at once. With this intention, and in the hope that the river itself might hide strata in 
which were seams of ooal, I instructed Mr. Vanstavem to begin on the river near the village. 
The first bore-hole was a failure. No. 2 bore-hole was then put down and oarbonaoeous shale 
was got in it ; but it had to be stopped owing to falling in of days and want of piping. To 
get lower than we had done in No* 2 it was neoessary to look eastward, but no suitable place 
showed until in the nullah to the north of the village, and this would be in strata much 
below those examined in No. 2. Still an idea could be got from No. 8 of the lowest beds in 
this line, and as is shown in the list, they are all sandstones of good thickness with fewer 
and thinner days than in the other bore-holes, but without the slightest traoe of ooal. 

13. By these two bore-holes — in the line from No. 2 to No. 3 — we know of 229 feet 
in No. 2, below which there is an unexamined thickness of strata of about 250 feet, 
when the beds at the top of No. 8 bore-hole ought to be reached. That is, supposing 
that the lie of the strata is tolerably uniform over the field and that there is not an irre- 
gular floor. 

14. On seeing that No. 3 was not likely to produce any favourable result, and that it 
was becoming a troublesome hole, I suggested that a convenient spot should be selected to the 
south of the village in the nullah on that side, as 1 thought we should here be in the con- 
tinuation of the unexamined beds between No. 2 and No. 3, and it is in these that the three 
other Beams have been found. In other words, I expect that these Beams would be found at 
very nearly the additional depth below the 229 feet of No. 2. This would of course be at an 
inoonvenient depth for boring, more especially as the extent of the seams can be ascertained 
by other short holes. 

15. Bore-hole No. 4 has not yet told all that may be made from it if the hard “ ash M 
rock can only be pierced, for there are still some few feet to be got through before reaching 
beds corresponding to those at the surface of No. 3. Otherwise, another bore-hole should 
be put down about 400 yards back, i.e., eastward and in the nullah south of the village. 

16. I examined the different streams in the field even more closely than hitherto, and 
saw that the strata seem to lie in a very regular succession at angles varying from 10° to 
15° ; the dip, if any thing, becoming easier to the westward of the main stream, as also to 
the N. W M where the beds are nearly flat and with fewer undulations, so that the thickness 
of the whole field is much more than 1 at first concluded. There is thus more room for 
seams over the western half of the field. Indeed, from this greater thickness I am more 
inclined to expeot a greater extension of the ooal-measures under the Kamthi sandstones of 
Namiapolliam to the westward. 

17. With regard to the ooal in these measures, that now known to exist is on the eastern 
edge of the field, and it is reasonable to expect that the seams go on thickening with the 
strata, or that there are more seams. 

18. There is about the same area of ooal-measures exposed on the western side of the 
main stream, but the strata here are all higher than those on the east side. No borings 
have been put down in these upper beds, but they are just as promising in their characters 
as those below. Indeed, my colleagues who have worked in the other coal-fields of India 
have observed that seams are more prevalent in upper beds of the Bar&kars. The lie of the 
strata on the right bank of the river is also somewhat easier, so that if ooal be found 
on this side the probability is that the trial borings will not vary much in depth as they 
are carried out further west or north-west, 

19. It is, however, very premature as yet to try and reokon on what may be from the 
few indications obtained so far ; for where, as is evidently the case here, there is paly an 
outlying patch of the coal-measures, not an arep left so much by denudation as Merely the 
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filling in of a detached basin by a formation which was existent only in an attenuated 
condition, the occurrence of coal to a greater or lesser extent in each patch ie a question 
attended with a great deal of uncertainty. There may be only a few seams as atKamarum, 
or many seams as at 8ingareny in the Nizam's Dominions ; or Beams hardly any of which 
are continuous in different bore-holes as in the British field below Dumagudinm. 

20. The main and first thing* to be done now is to continue No. 4 bore-hole, or to sink a 
fresh one to the eastward of that, as suggested above, and then to work down the nullah to 
the main stream ; after that, the nnllah pn the other side of the field higher up the main 
stream, and coming from Namiapdliam, ought to be tried. This latter examination would 
tell if the poor seam in No. 2 bole is of any extent. It would certainly be premature to try 
any of the ground south of the tributary nullah near bore-hole No. 4 until more is known 
concerning the succession of the seams now struck. 

21. In conclusion, it is necessary, from my views of the relations of the strata in this 
field, to remark on two passages in the Government Order, No. 1953 h£ the 21st July. It is 
therein stated : — “ But the very slight indication of shale and coal found about 30 feet above 
the coal deposit in No. 4 may be analogous to that of No. 2, with which it agrees in the 
strata immediately over and underlying." My observations do not bear out this analogy ; 
for unless unforeseen accidents— of which there is no indication in the adjacent nullah 
sections — have interfered with the normal position of the strata, everything seems to lead 
to the conclusion that the beds of No. 4 are lower than those of No. 2. Besides, if the upper 
seam in No. 4 he analogous to that of No. 2, it is difficult to account for the non- 
ooourrence of the 4| feet seam in No. 2, which is the deeper bore-hole* 

22. There is then the further statement that “the conclusion arrived at to bore next 
season to the south and west seems a correct one.” Oo this point it will be seen from this 
letter that I do not advocate such a procedure, but to keep for tho present rather to the 
north and north-west as soon as the west side of the field is taken up. But, apart from this, 
I would respectfully submit that a conclusion as to the future sites of bore-holes ought more 
properly to be based on the' recommendation of the Geologist, as long as he is not absolved 
from the office of advising, as to the possible locale of the coal. In this, however, it is 
not for a moment implied that there is any likelihood of a difference of opinion between 
Mr. Vanstavern and myself on the mode of pursuing the work ; on the contrary, I have to 
thank him for having always so willingly oo-operated with me. 


Note on the tuppoeed occurrence of coal on the Kistna, by H. B. Mbdlicott, m.a., 

Geological Survey of India . 

The Records of the Geological Survey of India would be incomplete without 
some mention of the reputed discovery of coal near Jaggayapet, in the Kistna 
District of Madras, that has so often within the last thirty years been urged upon 
the notice of Government by General Applegath. It has this year been brought 
forward again with unabated confidence ; and the following Note upon the ques- 
tion was drawn up for the information of the Government of Madras. It affords 
a curious contemporary illustration of science in exceUie . 

1. I have the honour to acknowledge receipt of your letter No. 230 B., dated 
13th June 1882, forwarding fdr remark a letter, dated the 19th May, from 
Major-General F. Applegath, on the subject of his alleged discoveries of coal in 
the Kistna District. I had already noticed in the newspapers, English and 
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Indian, the revival of the Kistna coal question, and I am glad of this opportu- 
nity of submitting some remarks thereon for the consideration of the Bight 
Honourable the Governor of Madras.- 

2. General Applegath must believe that the patience of the Madras Govern- 
ment is inexhaustible, and well he may ; for surely, since the dawn of science, 
no claimant to discovery has anywhere met with so much indulgence as he has 
from his Indian masters. Time after time has he found favour and encourage- 
ment, after repeated demonstration by most competent authority that his asser- 
tions and 'promises were baseless, and after repeated failures on his part, with 
liberal aid of public money, skilled labour and appliances, to verify his assertions. 
It is no wonder that he should now again come forward in bolder form than 
ever. I must confess that, to the qualified and responsible ministers and 
advisers of Government in these matters, any further countenance to such pre- 
tensions would be “heart-breaking.” 

3. I will presently give an abstract and analysis of this remarkable case : it is 
desirable, first, to clear the question of irrelevant matter, and to fix attention upon 
what has been the mainstay of so much discussion. It is not to be believed that the 
Government or the public would, for a moment, place the judgment of one so 
completely uninstructed in such matters as General Applegath, that the rocks of the 
Palndd belonged, in whole or in part, to the already established coal-formation of 
the Peninsula, in competition with that of the Geological Survey, that they were 
all of Transition or Lower Vindhyau age* the two being as widely separated 
stratigraphically as are the Jurassic and the Silurian systems of Europe. The 
“ fossils ” sent by the General in support of his contention were not fossils at 
all ; and his rock specimens scarcely bore any resemblance to the standards to 
which he referred them. The occurrence of coal in those older rocks 
would, of course, be. an independent question ; and although a veiy extensive 
survey of them in that very field and in other parts of India had revealed no 
trace of a coal-measure group, there would still remain the possibility of a 
local deposit. The question is thus brought within very definite limits of fact, 
and it would never have taken shape but for General Applegath ’s assertion, 
that at a particular spot, within 20 feet of the surface, he had once upon a 
time quarried coal and burned it. 

4. To any one whose ideas on the subject were not altogether in the air, 
nothing could be simpler than a complete verification of such a statement. It 
is practically impossible that several tons of coal could be extracted and leave 
no trace to tell the tale ; yet with every appliance of tools and skilled labour, 
funds and time, General Applegath has never again been able to produce an 
ounce of any substance that would support combustion. He has, however, never 
ceased to reiterate his assertion ; and his confidence has imposed upon others 
no better informed than himself ; the strong wish for the realization of his 
assurance being on both sides the efficient motive of assent. It is a striking 
instance, and an instructive caution, upon the persuasive influence of unflinch- 
ing testimony - in a credible witness^ for no one that I know of has ever oast a 
suspicion upon General Applegath’s truthfulness. 

£. In its successive orders giving sanotion and encouragement to General 
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Applegath’a explorations, ignoring its own previous, adverse decisions upon the 
case, Government dlltao^of course, give reasons for so doing; but we may safely 
take these to be the same as those that guide public opinion in the matter, In 
a Calcutta daily paper of the 28th March last, apropos of .General Applegath ’s 
recent manifesto, it is said : 41 This case of coal in the Kistna District is pro- 
bably another instance in whioh practical men have been ahead of the geolti^ieftl 
theorists. ” Nothing bnt the diffusion of knowledge can remove the popular 
delusion that is revealed in this sentence ; bnt as it contains the only approach 
to direct argument that I have seen, it is c & practical importance to point bnt 
that the instance referred to as parallel is of a wholly different nature. It ref Stir 
to the discovery of the coal measures in the north of England by deep sinking 
through newer over-lying formations. The writer of the article implies that 
the geologists were false prophets on that occasion, and no doubt the pit-sinkers 
were practical men ; but in the Indian oase the facts are all above board ; the 
rocks at the surface in the Palnad are immensely older than any known coal- 
measures, and the only evidence to warrant any outlay on exploration is General 
Applegath’s assertion that he once quarried coal there within a few feet of the 
surface. Surely a practical man would require the General to make good his 
assertion before starting on, what would otherwise be, a wild-goose chase. 

6. The acts and arguments referred to imply more or less of credence in 
General Applegath’s frequent animadversions upon what he takes to be the care- 
lessness, the contradictions and the obstructiveness of the Geolpgical Survey. 

I do not care to exhibit the ridiculous misunderstandings upon whioh such 
remarks have been based. Too much time has already been wasted over this 
tiresome business, and I have shown that the whole question turns upon a simple 
matter of fact. The supposition that a body of professional men could be so 
infatuated as to pooh-pooh a project founded on so circumstantial a basis, whioh, 
if true, must inevitably be presently substantiated, is only further evidence of the 
hazy view taken of the conditions. Until this ground had been visited, the 
Survey gave every encouragement to the investigation. It has been said that 
Dr. Oldham’s visit to the Palirid, in company with General Applegath and others, 
was made in a perfunctory manner. But this, again, is unfair. Dr. Oldham 
went to see all that General Applegath had to show regarding the existence of coal, 
and fiTifli-n g no vestige of real evidence, it would have been foolish of him to sit by 
while a boring was made; in slate, on the chance of unearthing a coal-seam. 
Dr. Oldham officially and publicly (Madras G.O., No. 1125 of 27th April 1888) 
denied the statement that anything like 44 burnt shale” or 44 burnt outcrops, ” 
or 44 a substance rich enough to support combustion, * had boon seen. Since 
then, and before it, General Applegath has had ample means and leisure given 
him to make good the statement that he had once burnt coal extracted from 
the site in question, but all his endeavours have been in vain. 

7. As it is not a ghost story, some intelligible explanation of the mystery 
must be forthcoming. The most likely one was suggested by Dr. Oldham, that 
to please their master, the natives had put some real coal m the hole and pro- 
duoed it for his satisfaction. A hoax of this kind was shortly after success- 
fully practised upon Dr. Oldham himself, and all the officials concerned, in 
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the famous ease of the Midnapur borings. 1 . In the Kistna case, however, there 
was hardly room for this withont culpable blindness on the part of the victim, 
for the excavation is said to have been a shallow drift, and accordingly General 
Applegath repudiated the “ insinuation/’ averring that he had himself conduct- 
ed and seen the operations, and repeating his statement in the following 
emphatic and expanded form “ I adhere to my assertion that I have actually 
quarried and burnt coal in large quantities on the spot, as much as eight or ten 
tons (Madras G. 0., No. 606 of 7th March 186#.) There thus remains a outr- 
an d -dry choice between a physical anomaly (amounting to impossibility) and a case 
of mental delusion, such as is unhappily of too common occurrence in history. 
In going through the documents for the present, I hope final disposal of the 
case, I have been greatly struck by the fact that General Applegath s assurance 
becomes clearer and stronger and larger as the event recedes in time. 

8. The oldest papers I have on the subject are a manuscript map and two 
sections, with a brief list, all signed 11 F. Applegath, Lieutenant, Assistant Civil 
Eng ine er,” and dated “ Camp Moogetalah, 18th December 1850.” The map is 
entitled “ Plan of the Marble fields near Jaggiapetta on the Kistna and Pallair 
Rivers,” and, with the sections, it is coloured geologically (after a fashion). There 
are five pits marked on the plan, and the list annexed is headed “ Description of the 
pits, &c., that have been sunk in searching for coal.” One of these pits iB at the 
very place assigned for the coal discovery, on the left bank of the Pallair, about 
half a mile above its confluence with the Kistna. This pit is figured on one of 
the sections to the full depth ever said to have been attained there, and the only 
legend is — “ shaft 20 feet through slate, with a soft material below, thickness 
unknown.” In the List the same is described as— “Pit No. 3, shaft sunk 2f 
feet through slate, small but distinct traces of vegetable deposit at the lowest 
excavation, and a soft, white deposit at the bottom of the shaft, thickness un- 
known.” In these original documents the word “ coal” only appears in the title 
of the List as a desideratum ; the rock in the pit being correctly noted as " slate.” 
The date usually assigned by General Applegath for his discovery of coal is 1851, 
so it might be surmised that these notes are anterior, and not to the point ; it 
seems not improbable, however, that they represent the total result of his opera- 
tions before going on leave, when he reported his discovery to the Court of 
Directors, and, before leaving, to the Madras Government ; for the map is en- 
dorsed “ Lieutenant Applegath’s supposed coal Bites ; from Walter Elliot, Madras 
C. S., August 1851.” If this be the case, there would be no escape from the 

1 An European oonviot wee employed as brace-hendman on a boring for water in the Central 
Jail at Midnapore. The place stands on a spread of laterite connected with the old alluvium 
occurring as a fringe between the Oangetic delta and the upland of gneissic rooks. At a depth of 
148 feet coal was reported to ooour for a thickness of more than two feet. Samples were sent by 
the Executive Engineer to Calcutta to Dr. Oldham, who pronounced the coal to bo good, and indi- 
cated sites for other borings to test the extent and the tie of the supposed spam. In these, also, 
the coal was brought up from appropriate depths. This took some time ; meanwhile the convict, 
having completed his term, was awarded with a post of some trust in charge of the work. As 
matters were coding to a crisis and more extensive operations about to be taken up to * work the 
coal, the ex-convict took the occasion of an advanoe of cash to disappear from the soette of his 
exploit, and no trace of him could bo discovered. The imposition was thsn brought to light. 
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judgment Chat the quarrying and burning of coal must take x* hk as f a myth : 
bo important a pieco%*f*evidence would oertainly not hate been left out in the 
contemporaneous account. No doubt many tons of the black slate were excava- 
ted, and nothing is more likely than that some pieces of it were put into a 
good camp fire, after which ordeal they would bear a tolerable resemblance to 
ash, and such may have been the small basis of fact which has grown so pottetu 
tously. The samples of this stuff deposited at the Madras Museum would ex- 
cusably have been thrown out a a rubbish. 

9. The next evidence tends to confirm this view* It consists, again, of a 

coloured map and sections, with a report entitled — “ Captain F. Applegath’s de- 
scription of the geological strata on the north bank of the Kistna,” dated Madras, 
28th of April 1861. In this the same shaft, apparently, 1 is referred to (hero 
marked as No. 1), thus : — “ An attempt was made seme years ago to sink No. 1 
shaft for coal throngh the red shale in the southern part of these fields ; the red 
colour appears to be superficial, for, at a depth of 10 or 15 feet, the colour changes 
from red to greenish grey, and blue, and sometimes black. # * * * 

This occurred in 1851.” There is no specific mention of the horizontal drift, 
17 deep, from which, in later accounts, the coal is said to havobeen obtained, but 

I here find, for the first time, a notice of this circumstance, and only in a casual 
way, as a by-gone event, and as secondary to what is considered more important 
observation, thus: — 1 “ The limestones, shales, sandstones, and the fossils found, all 
tend to confirm and strengthen the belief that these rocks of the Kistna are of the 
age of the Indian coal-bearing strata ; moreover, the bituminous rook that 1 quar- 
ried and burnt contained upwards of 30 per cent, of carbonaceous matter.” The 
authority for this determination is not given, but it at least fixes a maximum 
value for the “ coal ” of later statements. At all events, in a concluding sum- 
mary of the case, this point is left out of oouut, and the whole question stated as 
problematical — “ All that has hitherto been done has been at private expense, and 
thus, for eleven years, the suggestion of the probability or the reality of there 
being coal on the Kistna has been a source of anxiety of mind on one side, with 
incredulity on the other, and therefore it is a question still to be decided on its 
own merits ; at least, I think, there is presumptive evidence of the fact of the 
e xis tence of coal on the Kistna, for, in Bengal, the arenaceous shale with fibre- 
like impr essions of plants is coal-bearing, also bine shale, and at Nag pore the 
greenish-grey shale overlies bituminous shale and ooal, the same in Bengal.” 

10. Af ter this, the enquiry took a more official form. In August 1866, Major 
Applegath submitted a memorial to Government, soliciting aid for further explor- 
ation, again urging the identify of the rocks with the Indian coal-measures, but the 

II myth ” now tak es distinot shape, thus : — 14 1 here most distinctly state that, on the 
occasion of one of my visits to the locality I have described, on the Pfiip and Kistna 
Rivers, I burnt, in several large heaps, the ooal I had quarried, andjthat I even earned 
some and burnt it in the Sherehomedpettah Bungalow compound. I believe 
that not less than nine or ten tons were quarried and burnt, and that while burn- 
ing it gave out great light and intense heat, and, except that it was much heavier, 
it was not unlike the Torbane hill mineral.” Due mention is* however, made, 1 
of failure to . re-disoover that combustible rock Having once quarried and 
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burnt the coal on the Kistna, I am not discouraged by my reoent failure to reach 
the coal, and this dear-bought experience will prove invaluable in the next attempt. 
I am confident that coal exists there, its extent and thickness it is impossible at 
present to estimate.” This application was referred to Dr. Oldham for opinion. 
Dr. Oldham deprecated boring until some fair evidenoe of the probability of coal 
being found should be established, remarking that “ it would appear only reason- 
able to expect that Major Applegath should be able to show where he had 
quarried the coal, and the expenditure of very few rupees, not one-hundredth 
part of • what borings would cost, would in a few hours prove the existence or 
non-existence of any bed of coal.” He offers to arrange for a geologist to visit 
the ground in company with Major Applegath. This visit took place in 
January 1868, Dr. Oldham going himself. He was accompanied by Colonel 
Applegath, Mr. Stuart, Assistant Collector of the district, and Mr. C. Oldham, 
who had been for some time engaged upon the examination of the same rocks fur- 
ther to the south. In the report of his observations Dr. Oldham remarked : “After 
this careful examination, I regret to report that, in my opinion, there is no 
ground for any hopes whatever of coal being found within this area. The rooks 
are all of types well known, and covering a very large area of the Cuddapah 
and Kurnool Districts, and in no respect that I could see do they, in this 
part of the country, offer any feature which would induce one to suppose that 
there was a greater probability of coal being found here than at a thousand 
other localities within the very extensive area over which similar, rocks extend to 
the south, and at some one of which it would, I think, certainly have beoome 
known did it exist.” As no more of the so-called “ coal ” or combustible rock 
could be found, the suggestion is made that it may have originally been provided 
for the occasion. In General Order No. 590, dated 5th March 186S, the 
Government of Madras accepted this report as proving, beyond all doubt, the 
non-existence of coal in the valley of the Kistna. 

11 . At this juncture the episode of the Midnapore coal adventure occurred, 
raising sanguine hopes that coal might be found anywhere. In April 1870 a 
memorandum was forwarded by the Madras Government, urging further search 
in that Presidency, saying there seemed no reason why coal should not be found 
beneath any of the vast tracts of laterite in Southern India as well as at Midna- 
pore. Dr. Oldham (being then under the deception as to coal at Midnapore) 
gave a reasonable answer (June 1870), explaining the different conditions — how 
all the mea8ures.of the Raniganj coal-field passed eastwards under the alluvium 
of the Ganges delta, and how impossible it was for any one to say how far they 
might or might not there spread out to north and south on the buried slopes o* 
the gneissic upland ; that there were no analogous circumstances in the lateritio 
regions of Madras, Ac. But all this was as moon shine to the promoters of such 
a scheme, and a profound distrust of geologioal insight remained j nor was faith 
restored when the fiasco of the ooal at Midnapore was made known, for had not 
the geologists been taken in just as others. 

12. General Applegath was not slow to take advantage of these favourable 
conditions. In July 1870 he applied for a grant of money and a detachment of 
Sappers and Miners, equipped with boring and blasting tools for exploration in the 
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Kistna District. The geologioal affinities of the rocks were not referred to, the 
one tempting assurance being that he had once seen coal quarried and burnt 
in large quantities in that district. Approval and sanction were at once acoorded 
(G. 0., No. 1024, 16th August 1870). When the two months allowed were 
nearly expired, an extension of time and an additional grant were asked for on the 
following plea : — “ The Sappers have to this date been employed in opening out the 
rooks ; and as some of the pits are now 25 and 30 feet deep, I **-th enabled to offer 
an opinion on the probability of finding coal in this district ; and, after a very care* 
fnl comparison of the Kistna rocks with all the other coal-bearing districts in 
India. I an} most decidedly of opinion that their representatives are found in 
this locality — I do not mean on the surface of the ground, hut that they have 
been excavated by the Sappers in the present investigation. , I have, therefore, 
to express my firm belief in the existence of coal here, and the prospect of 
obtaining it very shortly from one or more of the pits now being made by the 
Sappers and Miners under my charge." The request was at once granted 
(Gr. O., No. 42, 11th January 1871). The total results of the explorations were 
submitted in a paper headed “ Conclusions," dated 16th February 1871. There 
is no allusion even to the non-discovery of anything combustible, or to the 
sanguine hopes so recently expressed regarding coal. There is nothing in the 
paper but a rambling discussion of a collection of the rooks, attempting to 
identify them with the Indian coal-measures. Colonel Applegath was thanked 
for his exertions, and the specimens were ordered to be sent to the Geological 
Department for opinion (G. O., No. 336, 15th Maroh 1871). Dr. Oldham's 
memorandum (12th May 1871) on these specimens gave a complete demonstra- 
tion that Colonel Applegath had no rational idea of what he attempted to de- 
scribe, and pointed out the utter waste of investigations so conducted. 

13. In this interval the survey of the great basin of the Cnddapah and 
Kurnool rocks, of which the Paln&d forms the northern extremity, was com- 
pleted by M. M. King and Foote, as published in Volume VIII, pt. 1, of the 
Memoirs (June 1872). There had been some discussion as to whether some 
beds in the Palndd should be placed in the Kurnool or in the Cuddapah series 
of transition rocks ; but no possibility presented itself of any belonging to the 
Gondwana system, although, of course, the Surveyors were fully informed of the 
coal controversy. This transition basin is the area which General Applegath 
now presents as likely to become the largest coal-field in India. From there 
Mr. TCwig went northwards, and at onoe identified the coal-measure rooks in the 
Singareni field, and found coal there. 

14. Nothing daunted, and absolutely impervious to professional criticism. 
General Applegath, in September 1873, submitted to Government another map 
and description of the Jaggayapet District, with suggestions for further borings 
for coal, and remarks on some diamond strata in the neighbourhood. It is 
simply a repetition of aU the old fallacies and assertions,— giving names to 
the imaginary fossils, and impossible correlations to the rocks, with heroic com- 
posure, as if nothing had ever been said to the contrary. The maps and 
notes were ordered to be printed and circulated ; twelve copies to be furnished 
to Colonel Applegath, with the best thanks of Government for the valuable 
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information they afford (G. 0., No. 1020, 30th September 1873). 1 I happened 
at the time to be officiating for Dr. Oldham, and I was called upon by the 
Government of India for any remarks I might hare to offer. My answer 
may not have been forwarded to Madras. In March 1874 I submitted to 
Government a detailed note on this map by Mr. Foote, who had surveyed 
that ground ; his remarks woold satisfy any one having some knowledge of 
geology. In April 1874 I had the pleasure of an interview with Colonel 
Applegath, on his way through Calcutta, prior to leaving India. He informed 
me there was a proposal on foot for a renewed search for coal in the Paln&d 
by the Public Works Department; and as he expressed himself satisfied in 
every way with this arrangement, I got him to mark on his own map the 
spots at which he most desired borings to be made. In the hope of putting 
an end to this tiresome craze, I forwarded these indications to Government, 
recommending that the borings should be undertaken when Mr. Vanstavem 
could be Bpared from the borings in the Bedandl coal-field in the Godavari 
district. Mr. Vanstavem’s account of his operations was submitted by the 
Superintending Engineer, Major Hasted, R.E., in whose report the following 
remarks occur : — “ The instructions convey el have been fully carried out, and 
even more borings than were directed have been made. Mr. Vanstavem remarks 
that ‘ no coal-bearing rocks nor outcrops of coal or any combustible matter was met 
with/ and expresses his opinion that * by the nature of the rocks there certainly 
cannot be any coal. 1 It is with some regret that I am obliged to express my 
entire concurrence in Mr. Vans tavern’s views, but the explorations have been so 
complete, that I feel sure if coal existed at all in these places, some signs of it must 
have been discovered. The borings have been made as close as possible to the 
pits dug by Colonel Applegath, and in every instance have been sunk consider- 
ably below the bottom of the pits ; in addition to this, Mr. Vanstavem, at my 
request, cleared out the horizontal shaft in which it was understood Colonel Apple- 
gath found something resembling coal which he was able to bum, but nothing was 
met with except shale. I am puzzled to know what the substance was which 
Colonel Applegath supposed to be coal, but some of the stuff brought up from the 
borings, whioh is described as ( black clay shale with graphite ’ and 1 dark brown 
day’ might, it appeared to me, be supposed to be taken from the immediate neigh- 
bourhood of coal. My own opinion is of little value, but I am anxious to state 
that I watched the operations with much interest, and was rather predisposed 
to think Colonel Applegath’ s views were oorrect. I believe I may say that, up to 
a certain point, Mr. Vanstavem seemed to agree with me; but after several 
borings had been made, and the country round explored, he informed me that he 
had little or no hope of finding coal.” On this report, His Excellency the Gover- 
nor in Council declared himself to be quite satisfied as to the completeness of the 
investigation carried out for the exploration of Colonel Ajpplegath’s supposed 
coal-field on the Kistna (Madras G. 0., No. 761, 18th March 1875). 

15. Not bo, however, General Applegath ; as, indeed, might have been expect* 
ed from the obduracy he had formerly exhibited in the face of previous ample 
refutations by himself and others. In the letter under reply and the annexed 

1 8ee tupra, Vol, VII, p. 8. 
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statements made before the Society of Arte, 1 as well aa be the newspapers, 
General Applegath ppptafts against the insufficiency of this examination, and 
dedans Ids position as a disooverer of ooal in Madras to be unshaken. His 
words imply that these trials were made by the Surrey Dapartmont, bat that is 
an error; no Surrey Officer went near them ; they were made by offioen of the 
Pnblio Works Department, who declare their initial persuasion to bare been 
favourable to his view. As already stated, I do not notice General Applegath’s 
frequent and now recurring misrepresentations of quotations from the reports of 
the Surrey, as they evidently proceed from Ids complete ignorance at the subject • 
but it would be impossible to make a like encase for his misrepresentation of ffito 


simple facts of these trials. In a letter to the Madras Mail he says s “ I was in 
England at the time these borings were made, aod so I could not have selected 
the sites. ” This is something more than a mggntio falsi ; the indication of sites 
for borings by marks on the map of ground well known to the marker is a com- 
pletely recognised act of professional responsibility He objects that at ono of 
hw localities three borings were made, only to depths of 7, 8, and 23 foet; but 
he omits to mention that all three came upon metamorphio rook He objects 
that all the places he had recommended were not explored this would indeed 
have been a trial of patienoe, and a culpable waste of time star the principal 
places, those selected by himself, had proved complete failures j one at these 
indeed have sufficed, the one where ooal was said to hare boon once 

extracted. Pour borings were made at this spot, all deeper than any of the 
ori ginal pits ; but what is most important, the actual drift from which the 
supposed ooal was obtained was opened out and explored, bnt no vestige of 
combustible matter was found. The General offers no remark upon this 
collapse. I have no doubt whatever that a jury of practical men wouldgive an 
unanimous verdict of * proven’ against General Applegath’s ooal in the Palnad. 

16 One very interesting observation in General Applegath’s remarks to the 
Society of Arts remains to be notioed, as it throws much light upon the mystery 
that to this romance of ooal on the Kistna. I pointed out at the begin- 

ning that the General’s chevalde bataHle throughout the whole contention has 
been his assertion that, once upon a time, he bad quarried and burned coal on the 
spot where now it has been shown no coal exists. Bu for tbm unmistakable 
evidence he would never have been listened to ; in ao , e i no o Bt 
practical hearing until he mounted this charger in full panoply. In the original 
contemporary documents (1850) there is no mention of this discovery i in the un- 
official report of ten yea« later, it is casually quoted as » combustible rookWng 
30 per cent, of carbonaceous matter; but in the official memorial of 1866it has 
become ooal giving out great light and intense boat. ^ tamihjrjoeera 

of genesis of the myth ; and suoh I take Gtenerei . . .. Soeistv 

paragraph 7 of his “ Record of the Kistna Goal’’ (from the Journal of the SocuHy 
of Arts) there is another very neat and instructive exai^le of the sa me km of 
performance j the old steed having broken down, a fresh one is trotted out 
from the depdt of memory. Of the black clay from Mr. Vanstevern s boring 

» April Stab, 1W, on tt. occasion of Professor V. Mi’s tartar. o» th. Mineral Bmouroc. 
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Vo. 6, it is remarked : W I believe that this black stuff is coal that has been partially 
burnt, as it has the appearance of coke, or burnt coal, and, under a magnifying 
glass, it presents every appearance of coke, or burnt ooal, and, when ignited, bum* 
like a coke fire . It may even be a natural bed of coke/' The italics are mine* 
I am not aware that any of this clay was sent to General Applegath, but that would 
not signify ; it is assumed to be the same as some black stuff he had once thrown 
into a fire and beheld to become red hot. The General evidently “ walks bg 
faith : ” in a letter to the Overland Mail t refuting the conclusive evidence of 
Mr. Vans tavern’ s borings, he remarks • <f Quite on the contrary, the very 
important question of coal or no coal near Juggyapettah may (D. V.), I believe 
will, be definitely settled in the affirmative, if a little trouble can now be taken 
by the authorities in Madras/’ It would be sacrilegious to gainsay this final 
appeal to Providence, but I think the game is played out. 1 
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1888. 


[Pebrttary. 


Annual Rbport or thb Geological Subvet or India, And or «vt CttiQiOQT&M* 
Museum, Calcutta, fob the teas 1882. 

The most important result of the past season’s work has been the {Wring of 

South Riwah. TJkama new ^ Wd of UmMia •* wegt end of ^ 

oo Aii field. South Rewah Gondwana basin, within 34 miles of Katni 

Mr. Hughet. Station on the East Indian Railway. This field was men- 

tioned in the last annual report, and Mr. Hughes had given a notice of it, in 
the Records for 1881 (Yol. XIV, pi 4). The actual area of exposed coal mea- 
sures is small (about 5 square miles), in an angle between the gneissic rocks 
and the great spread of newer Gondw&na sandstone to the north-east. The out- 
crop of coal had been known for many years, but its appearance at the surface 
was not promising. All this area had been surveyed in 1872 by Mr. Hacket, 
without distin guishing the true coal measures ; but, from what I had seen of 
the ground (in March 1869), on a preliminary inspection between Raniganj and 
Jabalpur, I was aware that further examination would be necessary before 
anything could be published. Mr. Hughes* success was then no chance find { 
he recognised a difference between the U maria sandstone and that of the adjoin- 
ing area, and he had close Bearch made for fossils, from the evidence of which 
there was no longer any doubt of these rocks being on the horizon of the 
regular coal measures. He then at onoe marked sites for trial borings ; and these 
were carried out with very commendable expedition by the local authorities. The 
results as to the extent, thickness, and quality of the coal are very promising. 
A notice of these borings was given by Mr. Hughes in the Records for August 
last. Rail way surveys are now being made for a line from Katni to the coal 
field. 

The fiel d thus op ene d to enterprise is veiy extensive. Umana is the nearest 
possible source of coal for the North-Western Provinces ; and immediately east 
of it lies the immense coal field of Sohigpur, which district is also rich in 
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agricultural produce and the natural entrepot for the surrounding finest tracts. 
Uracil St&igpnr southwards lies the least difficult line of communication between 
northern* i and southern India, into the plains of Ohhat ti sg arb t d o wn 

the , M&h&nadi valley to Cuttack, and up it over the plateau of Bastar to 
Vizagapatam. 

Not the least important result of this new opening is the opportunity it gives 
for successful iron manufacture. I know of no spot in India where there is 
such an abundant supply of a variety of first class iron ores as in the neighbour^ 
hood of Katni. Much of the lime now used in Calcutta comes from Katni, and 
other requisites will probably be forthcoming, if the coal fulfils our expectations. 

Mr. Hughes extended his survey of the Soh&gpur coal field eastwards into 
Sirgnjah. He reports in very encouraging terms of the services rendered by 
Sub-Assistant Hira Lai. 


Shahpttb coal 

XOB1NOS. 


In the annual report for 1877 (Bee. XI, p. 7) a notice was given of the 
explorations for coal in the S&tpnra region carried on 
by the Central Provinces Government under my advice ; 
and the concluding operations of those trials are given at 
page 97 of the Records for 1879 (VoL XII). Most of those trials were near 
the northern edge of the basin close to the Narbada valley, and four of 
them were in interior valleys. In every case the object was to find the coal 
measures themselves, for the borings all started in rocks known to be of later 
formation, and in one case only, that close to Mohpani, was there an outcrop of 
the coal measures anywhere near. None of them were successful ; and it was 
then pointed out that the nearest ground where there was a direct prospect of 
coal was in the Shahpur field on the south side of the basin. The coal outcrops 
there had been reported on separately by three officers of the Survey (in 1859, 
1866, and 1875), but none held out any promise of valuable seams. The latest of 
these surveys was by me (published with a map in Yol. VIIT of the Rocords), 
and I then marked three sites for borings in different parts of the field, in view 
of future experimental exploration. These trials were taken up in February 
1881, by the Public WorkB Department of the Central Provinces, and the last 
of them was closed on the 11th of October 1882 under my instructions. Two 
of them were mado to aw depth of 400 feet, and the third to 539 feet. They all 
passed through several coaly seams, with some thin bands of coal ; but none 
were of sufficient promise to recommend the sinking of a trial shaft. I 
believe that ail the coal-bearing measures were passed through in each boring, 
but the seams are even poorer than at their outcrops. The coal prospects in 
the S&tpura basin are thus for the present reduced (besides the Mohp&ni 
mines) to the Penoh valley field, of which Mr. Blanford gave a very encouraging 
report in 1866 (Records, Yol. XV, pt. 2, 1882). This field has naturally been left 
to the last on account of its comparative inaccessibility ; but the engineering 
difficulties to be overcome are nothing like so great as those on the new Indore and 
Bhopal State Railways, and a line from Itarsi up the Tawa valley to the 
Penoh would be in every respect the most favourable for crossing the S&tpura 
range between the N&rbada valley and N&gpur. Such a line would pass along 
the Shahpur coal field, and might lead to a further exploration of those measures. 
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The crefcaoooua coal field of Daranggiri in the Giro hiHs, vqfqfttedon tjf Jfr. 
A 8 BA 1 C : DABAKdtom X V Toache (B«oordfl, Vol. Xt> pt. 8) during last toasdn, 
COAL wild. jfreyed quite as good as was expected ; the quality is vary 

Jfr. X«2Wk considerable aad the quality very 4NM irtoeable ; but 4t the 
company now engaged in* opening out the coal fields of Upper Assam achieves 
anything like the service it proposes, it would scarcely pay to work the m0k 
inferior coal of Daranggiri. Mr. LaTouche is now engaged in tracing the cdhl d 
the Jaintia hills eastwards, with reference to a project tor a railway through 
North Cachar. 

Mr. Foote was engaged in the districts of Mddura and TinneViBy, princ^pd|| 

South be if India. completing hip #f the otostol region, W jojnipf 

„ . this Work witfc tha^of Ha Sang in Travaneore. fl# 

,r * 6 * principal features of He grtomd had been examined fa 

previous seasons, so there is nothing particular to he noticed. A detopkd aeeotttnt 
of this large area will be published daring He current year. LPto in the mmm 
Mr. Foote made a traverse across part of the Mysore gold fields, an account of 
which is published in the Records for November. 

An object of much interest has long been awaiting investigation in the Madras 

_ ^ Presidency, in the osseous cave- d epostte of the Kamil 

Bikla -Subgam: Caves. . . ,, , . . . 

district. This interest is more than geological ; at least, 

for a large section of the intelligent public early pre-hisforic matt is their ottly 
link with geological studies. India has been a focus of great expectation in this 
matter, upon the assumed evolutional principle that the natural conditions in 
tropical or sub-tropical regions were most favourable for organic development, and 
because the earliest known civilisations had arisen m such regions. Nine years 
ago, in 1873, there was a momentary confirmation of those hopes, when an un- 
doubtedly manufactured stone implement was found by Mr Hacket in the beds of 
the Narbada valley containing remains of extinct varieties of mammals, deposits 
which had been considered by Falkoner and Dr. Oldham on palaeontological grounds 
as of pliocene age. This ‘find* (the word ‘discovery* might well be reserved for 
the fruits of mental effort) gave fresh interest to the question of age of the 
Narbada osseous gravels, and from a purely geological (stratigraphical) discussion 
I gave reasons (Records, Vol. VI, pt. 3) showing that they are probably of late 
post-tertiary tim e— -a view that has since been adopted. At the same time I 
ventured to impugn the a priori doctrine as to the birth-place of mankind, sug- 
gesting that, although the remains of the most man-like monkey might be found in 
tropical regions, we might rather expect to find traces of the most monkey-like 
man where now the least monkey-like men are found to flourish, taking mind as 
the characteristic. The early civilised peoples of tropical countries were probably 
not indigenous. 

The cave-test has still to be applied. Some of the most interesting early 
human remains have been found in cave-deposits ; and under the inspiration of 
the doctrine aforesaid, a party was got up a oouple of years ago at private ex- 
pense to explore caves in Borneo ; but the success has not fulfilled the expectations. 
Apart the human question altogether (the special urgency of wbioh is now rather 
popular than scientific), great biological interest attaches to any rich deposit of 
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mammalian remains, and I am strongly urged to take some steps to bare the 
Kamtil oaves explored, for there can "be no doubt of the information regarding 
them as announced by the distinguished pioneer of geology in Southern India, 
Captain Newbold, F.B.S. I have never failed to appreciate the importance of 
this matter, though I am aware of an impression abroad that I disregard paleon- 
tological interests, for which supposition there can be no better foundation than 
that I have never oared to dabble in matters that can only be profitably handled by 
experts. In October 1876, within six months of my taking charge of the Survey, 

I made official inquiries regarding the Billa-Surgam oaves, as no notice was made 
of their whereabouts in the memoir and map descriptive of the Eadapa and 
Kamul basin by Messrs. King and Foote. I intended that Mr. Lydekker should 
visit the caves and report with a view to further exploration. The Madras 
famine supervened, and no later opportunity offered without too great a sacrifice of 
current work. 

Mr. Blanford makes conspicuous mention of these caves in the Manual of 
the Geology of India (page 381). Captain Newbold in 1844 described them as 
situated in latitude 15° 25', longitude 78° 15', which should be, as taken from a 
map of that date (Indian Atlas, Sheet No. 76, of 1842), about 7 miles to north-by- 
west from Banaganpilli. In the answer I received (dated 10th January 1877) 
from the Collector of Kamtil, this officer says : — “ There is no place near Banagan- 
pilli which goes by the name of Billa-Surgam aud noted for any caves containing 
fossil stones. There is, however, a village called Bilum, 7 mileB south-east 
of Owk in the Koilkuntla taluk, containing some caves, but the Deputy Collector 
who inspected them says they contain only slate stones.” This position would be 
about 12 miles to south-by-west of Banaganpilli. Both these spots are in the 
Jamalmadgu limestone, of Messrs. King and Foote’s classification, described by 
Newbold as the ‘ diamond limestone.’ 

It is most unlikely that an error of 18 miles would occur in his descrip- 
tion of the position, but the coincidence of the similar name and the caves gives a 
strong presumption that Bilum is Newbold’s locality, and that there is a printer’s 
error in the statement of the latitude. He describes the mouths of the caves as 
from 46 to 60 feet high, falling rapidly to passages which it is necessary to 
traverse on hands and knees. This obscurity as to the occurrence of the caves, 
offers some explanation of the omission of any mention of them in the published 
description of that ground ; but I would notice the circumstance as an illustration 
of the condition of our work in India, the imperative object being to furnish in 
the first instance and as soon as possible a good general sketch of the geology of 
India. Had our geologists taken in ‘ cave-hunting ’ and the like, the map and 
manual published in 1879 might have appeared about the year 3000. There is, 
however, no failure of apprehension as to the supreme importance to advanced 
science of more detailed researches, and I hope to find an early opportunity for the 
exploration of the Billa-Surgam caves. 

Mr. Bose’s second season’s work in this ground has not added muoh to the 
Khavdbbh • fossil evidence upon which he indicated a correlation of the 

obbtaohous : upper bods with the threefold division of the cretaceous 

Mr. Bose. rocks of Southern India, relegating the underlying NimAr 
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sandstone to i lower cretaceous horizon, ns mentioned in bet jeer's enMdl 
report } nor is fresh observation to disturb that Suggested arrange- 
ment. He gives some in teresting frets showing the of the L&mete 

beds with agglomerates of the trappean period j end hie atoncoffo s em i na tio n 
of the traps themselves has* thrown sew light upon the constitution of eptae of their 
sabordinate varieties. When Hr. Bose was sent to that ground, it was hS|wd 
(without authority) that the new maps containing the north-western *$a& soutii- 
western extensions of the cretaceous deposits in thf Rewa-Kinta country would 
be available, so that the geological region might be described in one memoir* 
As there is even now no near prospect of those topogviffeioal maps Ispg 
completed, Mr. Bose’s Work will be pnUUWd *jp to data* , 

In extension of his previous survey, Mfc Basket took, up work m the wilder 
Rajputaxa ; parts of the Amli range in southern Hey war, but in#te 

Mr. Sachet. end of January lie wSe warned by the P op&cal Agent 
that it would not be safe for him to «tmti*** in that part ct the country on 
account of the unquiet state of the Bhils. Hr. Haoket employed the rest of the 
season very usefully in examining some intricate features along Ike Vindyan 
boundary to the north-east of Neemuch. 

Sub-Assistant Kisben Singh has mapped a large area of the plateau of 
M&lwa trap and Yindhyans about and north of Goona. The boundaries are, 
I believe, sufficiently approximate for those formations, and for present purposes ; 
but little or no information is given regarding the rock features upon which a 
description of the area could be given. 

Mr. Fedden surveyed a large area along the coastal region, from Bhivnagar 
Kattywab; to Madhapur, mostly of trap and post-tertiary rocks, with 

Mr. Fedden. a remnant of tertiary beds on the western sea-margin. 

A few fossils were obtained from these at Piram (Perim) Island. The ossiferous 
conglomerates of this well-known locality are the highest beds of the section ; 
but Mr. Fodden considers them to be closely associated with the deposits con- 
taining marine shells forming the adjoining coast, which he correlates with th© 
Gdj horizon (of Sind). At Gogha, a little north of Piram, a boring was once 
made in these strata to a depth of 355 feet, stiff blue clay being the prevailing 
rock in the lower portion. 

The principal object of Mr. Blanford’s work in the field season 1881-82 was 
The North-West to endeavour to trace northward the well-marked series 
Peon tier ; of tertiary rocks found in Sind, and to follow the continua- 

Mr. Blanford. tion of them, if possible, into the Punjab, where there is 

not the same clue to classification in the presence of marine beds above the 
eocene. 

Before taking up this work, Mr. Blanford was called upon to report again upon 
the coal deposits to the west of Sibi ; so be marched by the Bolin pass to Quetta* 
examining the coal seams of Mach on the road. From Quetta to Sibi he 
returned by the Harnai route, and visited the Sharag (or Shangh) ©os! locality. 
From Sibi be skirted the western boundary of the Bhugti Hills, and then marched 
from Jacobabad to Harrand in the Punjab, through the heart of the Bhugti 
country. From Harrand he proceeded northward along the eastern flank of the 
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BuHmin range, to some distance north of Dera Ghdsi yhfri- Hera, in the 
middle of February, a severe attack of fever and liver compelled him to leave the 
field, and he shortly afterwards returned tb Calcutta and was obliged to go to 
Europe on medical certificate* 

A note, containing the results of Mr. Blanford’s examination of the coal seam* 
at Mach and Shar&g was published in Part 3 of the Reoords for 1882. He con- 
siders the quality of the coal fair, but the quantity is insufficient for commercial 
purposes. The other results of his season’s observations have been, besides 
making some important alterations in Mr. Griesbaeh's work about Quetta, to 
effect a preliminary exploration of the country from Quetta to Dera Gh£si ghfa, 
and to show that the post-eocene marine deposits of Sind do not continue north 
to the Pnnjab border. One of the unfossiliferous groups, however,-— the Upper 
Nari, — is apparently persistent, and the uppermost system, Siwdlik or Manchar, 
can be sub-divided, so that it is practicable to classify the rocks to a certain extent. 
It was found that the main chain of the Sulimia is composed of hard whitish 
sandstones, apparently cretaceous, overlying limestones and limestone-shales, with 
a few fossils belonging to the same system. 

Had the work not been interrupted by illness near Dera Gh&zi Kh&n, Mr. 
Blanford would only have been able to examine the Suliman range for about 30 
miles further north. The whole of the area examined was beyond the British 
frontier; but, whereas, up to a certain point, a little north of that reached, access 
was practicable with the aid of the district officers and a small escort, further 
north the country is inhabited by Afghans, and is consequently inaccessible 
to Europeans. It may, consequently, be considered that the greater portion of 
the gap between Sind and the Punjab has been bridged over, so far as is practi- 
cable. 

Some interesting fossils, mammalian and molluscan, were obtained from Lower 


Siwalik beds, at localities discovered by Captain Vicary nearly 40 years ago in 
the Bhugti hills. Mr. Blanford’s descriptive memoir, with a map, will be published 
shortly. 

On the termination of his short leave in England Mr. Griesbach obtained 


permission to visit some places on the Continent, in order 

'Mr^Grinbwh* wliat P 1 ™ 5688 would be best for the reproduction of 

hiB views of Himalayan sections ; but chiefly that he might 
examine certain foreign collections of fossils from the Himalaya and other 
parts of Asia for comparison with his own collection. On both points his 
trip was very serviceable ; the collections made in Armenia by Staatsrath von 
Abich proved especially interesting, as having dose relation to the fossils from 


certain zones in the Himalayan sections. Owing to some unforeseen official 


delays Mr. Griesbach was a little late in returning to India, which caused him 
much discomfort in having to cross the outer ranges of mountains after the 
rains had set in. With the Bhoteas of the frontier Mr. Griesbach experienced 
the usual difficulties in making arrangements for transport in the high wnfo- 
habited regions where his work principally lies. All his endeavours were in 
way frustrated to cross the Mana pass, so he had to cover all the ground he oould. 
veach in that direction from the Niti pass, and then move toNilang, where he had 
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better success in ymhtn g excursions northwards. The season km so ha tsiv tmji 
that the Tibeta# gaM ^td left their stations beyond the {mum, to obstroo. 
tion was removed, but the oold me intense. 


Mr. Oldham accomplished aH that eonld be expected from his exootfstan with 
the Manipur-Bnrma Beundsey Oommisri on, tsriig made 
"‘SH * complete traverse of the main range into the g«j* 

ulMam - alluvial and tertiary basin of ths Ningthi (| Naarionai 

of older maps) or Cbindwia (Kyett-d Wea), wbfek seems to be ti principal 
tributary of the Irrawadi. If ti> ere m m y dto^p oiateent in the resold tip 
credit (or discredit) of it must be set d*p»4o mistaken imagination, I W0t 
confess to haying made that mistake* X I may ft*#* fcoped tba^pie AmMl 
Yoma of Mr. Theobald's Pegu Report *ouhhsupsHfl aertbemrfa as it approached 
the Himalayan massif ; and that a de ep er rock-s ooti ** mould be exposed, with 
perhaps a core of crystalline rooks, hating tie# even in oui#*p, 

ent with thoBe of the great Himalaya* tioatf on. The fact is Just the reverse. 
Here, too, no fossils were found ; bat the looks are .with great probability identic 
liable with those 400 miles to the south, eyen to the sorpentinmiS intrusive 
masses. Mr. Oldham supplemented his east- west traveiae by marching from 
Manipur northward to Kohima in the Naga Hills, returning by the A ss a m 
Valley, and ho found that newer tertiary rocks encroach more and more towards 
the axis of the range ; so that it seems as if the older rocks may soon be alto* 
gether suppressed in that direction. It thus appears that this range is altogether 


a secon dar y one, a mere fender of the great Malayan crystalline axis. I need 
hardly add that I am more satisfied than if my prognostic had proved correct. 
Mr. Oldham’s report has been ready since July, but there is some delay in 
procuring a map of the topographical survey of the new ground. 


Publications . — Two parts of Volume XIX of the Memoirs were published 
during the year. The first is a description, with numerous illustrations, of the 
Oaehar earthquako of 1869. The descriptive part was written shortly after 
the event by the late Dr. Oldham, from observations made by himsUt on tho 
spot. The discussion of the data was supplied, and the whole edited, by Mr. 
It. D. O ldham. Part 2 is a descriptive catalogue of tho thermal springs of 
India, and Part 3 (now in the Press) is a descriptive catalogue of Indian earth- 
quakes. These also were compiled by Dr. Oldham ; the data have now been 
10 vised and illustrative maps prepared by Mr. B. D. Oldham. These publica- 
tions form a good starting point for seismologioal observation in India, pre- 
parations for which on a small scale are now in hand. Se r eras, other memoirs 
are well advanced towards publication, by Mr. Blanford, on the oountry between 
Quetta and Dera-GhAzi-Khdn ; by Mr. Foote on a large area between Tfichinopoli 
and Cape Comorin ; and by Mr. Oldham on parte of Manipur and the Nfiga 
Hills. 

Volume XV of the Records for 1882 contains numerous (28) papers of more 
or less practical importance or of scientifio interest. 

Five fasciculi of the Paheontologia Indica were brought out during the year 
Pait l, Vol. IV, of the Gondwina Flora by Dr. Feistmantel gives a description of 
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tine (teal-flora of the south Rewah basin. Mr. Ljdekker describes thelBiw&lik 
aaA Narbada Equid® in Yol. II, part 3 of the Tertiary Vertebrate aeriJL Dr, 
Waagen’s first fasoicnlns on the Brachiopoda of the Prodnotns-limesftone fn the 
Salt-range is but a small instalment of this section of his work; but | have 
already received 30 plates of the sequel. The Brachiopoda form the most numerous 
and most intricate portion of this group of fossils, and the exhaustive study Dr* 
Waagen is giving of them will, I have no doubt, be gratefully acknowledged 
by all palssontologists. Two fasciculi on the fossil Echinoidea of Sinf are 
contributed by Dr. Martin Duncan and Mr. Percy Sladen, to whom the Survey 
is greatly indebted for their voluntary assistance in this important b ranch of 
paleontological research. 

Museum , — Of all field work in progress, the corresponding collections of speci- 
mens have been kept up to date. A full descriptive catalogue of the systematic 
series of minerals by Mr, Mallet is nearly through the Press. 

Library , — The additions to the library were 1,461 volumes or parts of Vo- 
lumes ; 665 by purchase and 796 by donation or exchange. The titles of all these 
books as received are published regularly in the Quarterly Records. I think I 
can promise that the catalogue will be in print by the end of the present year. 
The preparation of it can only be carried bn in the intervals of current work. 

Mining Records . — One mining plan was received during the year, from the 
Raniganj Goal Association. 

0 eismological Observations . — Proposals have been made before now to estab- 
lish seismometers in certain parts of»India that are subject to comparatively fre- 
quent earthquakes. A chief difficulty has been, and must continue to be, to 
find competent and trustworthy observers at the suitable places. A small 
expenditure for the purpose has now been sanctioned, enough to set up some 
simple seismometers at a few stations in north-east Bengal and Assam where 
meteorological stations are already established, through which agency it is hoped 
some observations may be secured. 

Personnel. — Mr. Blanford was obliged to take sick leave to Europe on the 25th 
of April, and, under medical advice, he has since been compelled to retire from 
the service, as no longer able to endure the exposure and fatigue required of the 
field geologist in India. After 27 years of so arduous a life this result is not 
surprising ; he joined his appointment in India on the 1st of October 1855. Prom 
the beginning of his service, Mr. Blanford took a leading part in the work of 
the Survey ; his report on the Talchir coal field is the first paper in our Memoirs, 
which have now extended to 19 volumes, containing numerous contributions from 
him. Besides his regular geological labours Mr. Blanford has done much work 
for the zoology of India, on which he is now a leading authority. He was twice 
deputed on missions out of India, — with the army to Abyssinia, and with the 
Seistan Boundary Commission to Persia. Of his researches in both countries he 
published a full account. He was twice (in 1878 and 1879) elected President of the 
Asiatic Society of Bengal, an honour never previously conferred on an officer of 
his standing. So long ago as 1874, he was elected (at his first nomination) a 
Pellow of the Royal Society, which is the highest non-official distinction an 
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Englishman can nwfre. In 1876, Dr. Oldham, on iwtiremtat, reoommendad 
Mr. Blanford to be h^a^ooesaor as Superintendent of the Geological Surrey of 
India ; of this be was only deprived by a small matter of seniority, and in recog- 
nition of bis high claims Government rewarded bint with » special pemonal re- 
muneration above the pay of bis appointment. Personally, as well as prnfrmjnp 
ally, Mr. Blanford’s departure wdl be much regretted by hie colleagues in the 
Survey. 

Mr. King was absent on furlough for the whole year. Mr. Wynne wae 
obliged to take successive extensions 4 rick leave, end is still abecnt. Mr. Hughey 
obtained six months’ leave on urgent private aSlira cn the 8th ‘June, which had v 
been extended in England for three tnemthh Mr. HaShat left oil f#$Dtlgb fep 
two years on the 20th November. Mr. L yrifrfcwr drift granted six months* leavt 
on urgent private affairs from the 2nd Mfcnob, and ftulriequently by the Secretary 
of State an extension for one year wittumi ^ay« Privilege leave |br various 
periods was granted : Mr. Mallet 42 day#, Dr. Feistmantd 40 days, and 
Mr. Medlicott 3 months. j. 

H. B. MBDLICOT#! 


Calcutta, 

The 23 rd of January 1883. 


Superintendent, Geological Survey of Indian 


List of Societies and other Institutions from which Publications have been received 
in donation or exchange for the Library of the Geological Survey of India 
during the year 1882. 

Amsterdam. — Netherlands Colonial Department. 

Basel — Natural History Society. 

Batavia. — Batav ian Society of Arts and Sciences. 

„ Royal Natural History Society, Netherlands. 

Belfast. — Natural History Society. 

Berlin. — German Geological Socieiy. 

„ Royal Prussian Academy of Science. 

Bologna.— A cademy of Sciences. 

Bombay. — Meteorological Department, Western India. 

Boston.— American Academy of Arts and Sciences. 

„ Socieiy of Natural Histoiy. 

Breslau.— Silesian Society of Natural History. 

Bristol. — Bristol Museum. 

„ „ Naturalists’ Socieiy. 

Brussels.— Geological Survey of Belgium. 

„ Royal Geographical Society of Belgium. 

,, Royal Malacological Society. 

„ Royal Natural History Mnseura of Belgium. 

Budapest. — Geological Institute, Hungary. 

Buffalo. — Society of Natural Sciences, 

Caen. — Linnean Society of Normandy. 
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Calcutta. — Agricultural and Horticultural Society, 

„ Asiatic Society of Bengal 

„ Marine Surrey. 

„ Meteorological Department, Government of India. 

Cambridge (Mass.). — Museum of Comparative Zoology. 

Cab sel. — Society of Natural History. 

Christiania. — Editorial Committee, Norwegian North Atlantic Expedi- 
tion. 

„ L* Association Gdod&ique Internationale Commission de la 

Norv&ge. 

Copenhagen. — Royal Danish Academy. 

Dresden.— Isis Society. 

Dublin.— Royal Geological Society of Ireland. 

„ Royal Dublin Society. 

», Royal Irish Academy. 

Edinburgh. — Royal Scottish Society of Arts. 

„ Royal Society of Edinburgh. 

„ Signet Library. 

Geneva.— P hysical and Natural History Society. 

Glasgow. — Geological Society. 

9 , Philosophical Society. 

Gottingen.— Royal Society. 

Halle. — Natural History Society. 

Harrisburg. — Geological Survey of Pennsylvania. 

Lausanne. — Vandois Society of Natural Science. 

Liege. — Geological Society of Belgium. 

London. — Geological Society. 

„ Iron and Steel Institute. 

9I Linnean Society. 

„ Royal Asiatic Society. 

„ Royal Geographical Society. 

„ Royal Institute of Great Britain. 

„ 1 Royal Society. 

„ Society of Arts. 

„ Zoological Society. 

Ltons. — M useum of Natural Science. 

Madison.— Superintendent of Pnblio Property. 

Madrid. — Geographical Society. 

Manchester.— Geological Society. 

Melbourne. — Mining Department, Victoria. 

„ Royal Society of Victoria. 

Milan.— Italian Society of Natural Science. 

„ Royal Institute of Lombardy. 

Montreal. — Geological Survey of Canada. 

Moscow.— Imperial Society of Naturalists. 

Nagpur. — Nagpur Museum. 
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NbuCHATIL. — Society of Natural Sciences. 

N EWCiSTLB-oir-TtKif.-^ Iforfch of England Institute of Mining and Mechanical 
' Engineers. 

New Haven.— Connecticut Academy. 

„ Anterican Journal of Science. 


Paris. — Academy of Sciences. 

„ Geological Society -of France, 

i) Indo-Chinese Society. 

„ Mining Department. 

Penzance. — Royal Geological Society of Cornwall. 
Philadelphia.— A cademy of Naiamd^oiimcea. 

„ American Philo*pM*d Society. 

„ Franklin Institute. 

Pisa.— S ociety of Natan* Tuscany. 

Bomb.— R oyal Geological ConwMon of Italy. 

„ Boyal Academy* 

Rooekee.— 1 Thomason College of Civil Engineering. 

Saint Petersburg. — Imperial Academy of Sciences. 

„ Imperial Russian Mineralogies! Society. 

Salem (Mass.)— -American Association for the Advancement of Science* 
„ Essex Institute. 

Shanghai. — North China Branch, Royal Asiatic Society. 

Singapore. — Straits Branch. Royal Asiatic Society, 

Sydney. — Australian Museum. 

„ Department of Mines, New South Wales. 

„ Royal Society of New South Wales. 


Toronto. — Canadian Institute. 

Turin. — Royal Academy of Science. 

Venice. — R oyal Institute of Science, Ac. 

Vienna. — Imperial Academy of Sciences. 

„ Imperial Geological Institute. 

Washington. — Smithsonian Institute. 

„ United States Geographical Survey west of the 100th 


Meridian. 


Wellington.— New Zealand Institute. 

Yokohama. — Asiatic Society of Japan. 

„ German Naturalists’ Society. 

The Governments of Bombay, Madras, North-Western Provinces and Oudh 
and the Punjab. 

Chief Commissioners of Assam, British Burma, Central Provinces, and Coorg. 
The Commissioner of Inland Customs. 

The Residents at Hyderabad and Mysore. 

The Surveyor General of India. 

Departments of Finance find Commerce* Revenue and Agriculture, Foreign, 
Forest, and Home. 
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On the Genus Richthofenia, Kays, (Anomia Lawrenciana, Koninck,) by Wilx.UK 
Waagen, Ph.D., F.G.S. (With 2 plate*). 

In one of the later numbers of the “ Zeitschrift der Deutschen Geologisbhen 
Gesellschaft, " M. E. Kayser publishes some notes on the fossils of the car- 
boniferous limestone of Lo-ping in China, collected by Baron Richthofen, which 
fossils seem to be rather similar in type to those of the Froductus-limestone of the 
Salt-range, the description of which is now in progress. He mentions one 
fossil in particular, the Anomia Lawrenciana of dcKoninck, for which he pro- 
poses the generic denomination of Richthofenia. 

U. Kayser regards this fossil as belonging to the Brachiopods, very likely 
somewhere near Productus , and this approximately agrees with what I considered 
it to be, I expressed this opinion in the last remarks appended to the third 
part of my “ Salt-range Fossils'’ (p. 328) ; only I was at that time doubtful 
whether the fossil might not as well be considered a coral. 

While preparing the description of the Brachiopods of the Salt-range Pro- 
ductus-limestone, I was obliged also to examine the Anomia Lawrenciana more in 
detail ; and the result of this examination was so remarkable that I think it worth 
while to give a preliminaiy notice of this fossil, together with such figures as 
will be necessary to understand the description. 

The fossil consists, as has been described already by deKoninck, of two 
valves, one larger and one smaller (PI. II, /. 7, 8, 9). The larger valve is of 
a conical shape, with the apex fastened to Borne foreign body (PI. I, f. 9). The 
smaller valve is flat, a little sunk into the larger one. The two valves articulate 
by a rather short straight hinge-line. This hinge-line, however, does not show in 
the outer appearance of the conical valve ; it is only marked inside it. On both 
sides of the hinge-line, the smaller valve is cut out in a semi-circle to receive thick- 
ened parts of the shell of the larger valve. The outer side of the larger valve is 
rugose, provided with many concentric wrinkles, and bears a variable number 
of hollow, depressed, diverging, tortuous tubes, which, on the one hand, 
resemble the root-like appendages of some rugose corals, and, on the other, can bo 
compared to the hollow spines of some Products The resemblance to the latter 
is chiefly striking because of the silky lustre of the shell-substance of which they 
are composed. On the whole, the shell of the fossil is dull when quite intact, and 
of a silky lustre when the outmost layer of the shell is worn off. Then also 
appears a very close punctation, similar to that occurring in the shell of Pro - 
ductu8 y which is barely visible to the naked eye. 

The punctures are not all equal ; some larger ones are disseminated irregu- 
larly between great numbers of smaller ones (PI. I,/. 3). As has been mentioned 
above, the punctures appear only when the outermost layers of the shell are 
removed. The punctured part does not lie immediately below the epidermqidal 
shell-layer, but succeeds a very thin layer, also already exhibiting a silky lustre, 
which shows a very close vertical striation, and is composed of numerous very 
fine excavated lines (PI, II, /. 8 b). Sometimes this striation is even visible on 
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the outermost dull layer of the shell. Both these layers, the dull one as well 
as the striated one, afeii^tirely lost in the greater number of specimens. 

On the smaller (flat) valve the hollow tubes, which are so retry characteristic 
of the larger valve, are altogether absent. When the shelheubetanoe of this 
valve is perfectly, preserved 1 , it is strewn over with very numerous mya ll papillce 
which project slightly from the surface of the shell (PI. II /. ®). 

On its ulterior side this smaller valve hears a distinct, but not rery high, 
median septum, which extends from near the margin opposite the hinge- 
line* to nearly the middle of the valve. Here, in meet specimens, it is re,, 
placed by two parallel ridges, which in other specimens, however, ore combined 
in one broader septum. On both sides of them ridges large, mere pr less rounded 
impressions appeal*, which are very atrOngiy ^v s flrked, and distinctly indented on 
the side nearest the hinge-line ; on the shin opposite to it they ace less strongly 
marked, but seem to be also indented (PL I, /. 1<3^ PI. II, /. 2). Oft the hinge- 
line itself there are, vertical to it, twp sheet, thick and prominent parillel ridges, 
not dissimilar to hinge-teeth, which are, however, about equally high through 
their whole extent. They are not in connection with the median Ueptnm, but 
are separated from it by a smooth space. They do not protrude much above 
the hinge-line. On the whole, they might possibly be compared to the very 
developed cardinal process of the smaller valve of Product an, bat the similarity 
is, in fact, only a very distant one. On both sides of these ridges not a trace of 
dental grooves can be observed. Neither the reniform bodies, which are such 
prominent features in the smaller valve of Productus, nor distinct dental grooves 
exist on the sides of the short ridges on the hinge-line. Near the outer margin 
of this smaller valve there are thorny processes, more or less numerous, directed 
towards the interior of the shell, similar to those seen in some Producti (FI. II* 
/* 2 ). 

Far more complicated is the structure of the larger valve. It consists of two 
different parts ; the lower, from the apex of the valve up to about the middle of 
its height, being composed of very numerous narrow water-chambers, divided off 
by very thiTi shelly partitions, and the upper forming a large hollow for tho 
reception of the anim al. The partitions in the lower part of the shell are very 
irregular, exactly like the partitions existing in rugose corals. They are, on the 
whole, convex below, and concave above ; not so, however, for their whole extent, 
as about in their middle they are bent upwards, forming something like a 
columella, such as exists ip many corals. This formation of a columella is oaused 
by the presence of three vertical septa (PI. I, /• 2, 4, 5), which extend from the 
apex of the shell, through all the partitions, up to the body chamber. By these 
septa a vertical tri a n g ular space is divided off within the larger valve of this 
fossil, the base of the triangle being formed by the hinge-line, whilst its apex 
lies in the middle of the shell, where the three vertical septa, which converge 
towards this centre from both ends of the hinge-line, unite. The median of the 
three vertical septa extends from the centre towards the hinge-line, without, 
however, ever uniting with it. All the space between the vertical septa sod the 
hinge-line is also filled up by shelly partition*. 

The animal chamber (PI. I,/. 1) is tolerably large; the bottom of it is, however, 
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situated at very different levels. The triangular space marked off by the vertical 
septa is much more shallow than the remainder of the chamber; bnt the latter 
also is not even, as from the centre of the shell a rounded crest extends, forming 
a shallow saddle, to the wall opposite the hinge dine. On each side of this crest 
is a deep hollow which occupies the whole lateral parts of the bo<Jy chamber. The 
whole bottom is covered by irregular tolerably minnte grooving. 

The three vertical septa project into the body chamber as three high npright 
plates, which converge towards the centre of the shell and are highest near 
this centre. Their upper margins are denticulate. They do not unite, drat 
remain somewhat apart from each other. On the other side, between them and 
the hinge-line, there is an ascending plane, none of the plates thus reaching 
the hinge-line. Of these plates or septa, the median one is the highest. The two 
lateral are limited on their inner side by verj^ deep narrow grooves ; from the 
median one, on the contrary, on both sides start some low secondary septa, which 
show, on the whole, a pinnate arrangement. They disappear again, however, 
before reaching the grooves mentioned above. 

The hinge-line is quite straight, and shows only in the middle a slight round- 
ed sinuafcion for the reoeption of the two thick terminating branches of the 
median septum in the smaller valve. Not a trace of any kind of teeth for 
articulation with the smaller valve is observable. 

The inside of the outer walls of the body chamber is provided at very irreg- 
ular and unequal distances, with tolerably broad and sharp, bnt not veiy promi- 
nent vertioal septa, some of which begin a short distance below the upper border 
of the ohamber, and disappear before reaching the bottom, whilst others begin 
lower down and then reach down to the bottom of the chamber. The upper 
termination of eaoh of them bears a round foramen, which forms the entrance to 
the hollow tubes which can be observed on the outer side of the shell and have 
been mentioned above (PL I, fig. 2). This foramen, however, does not pierce 
the wall directly, but the tube descends nearly vertically and appears only 
in the vicinity of the apex at the outer side of the shell. 

All round the upper border of the animal-chamber a thickened margin can 
be observed, which has some similarity to a pallial impression (PI. I, figs. 1, 8). 
Of muscular scars nothing can be observed either on the bottom or on the walls 
of the chamber. 

The substance of the shell Is of a very singular structure. It is composed in 
the larger conical valve of three layers. The outer one is very thin, dull and 
compact outside, and of a silky lustre inside, provided with the characteristic 
striation and pnnctaticm mentioned above. The median layer, the thickest of 
aU, though very irregular in its thickness, is composed of approximately hemi- 
spherical cells, such as can be observed in many rugose corals when the radial 
septa have been obliterated (PI. I, figs. 2, 7 ; PL II, figs. 1, 5). These cells 
are arranged in ascending radial rows, and are interrupted at intervals by per- 
fectly straight, radial, very pointedly conical shelly parts (PL II, fig. 4) 
which require further explanation. They begin on the outer shell-layer with a 
slightly broader base, and extend, in a more or less ascending difedtion, towards 
the inner portions of the shell. They are not round but polygonal. All do not 
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with their sharply pointed ends reach the innermost shell-layers ; indeed* most 
of them stopahatitheWtejay. Nor do all of them originate on the outer shell-layer, 
for some start from the wall of some cell in the median layer of the shell. They 
seem to be hollow and to form tubes, which apparently apmfnunioate with the 
larger pores, disseminated ‘between the more minute punctstiou of the shell as 
described above; but I am not quite certain on these latter poults. The fcritow 
tubes which terminate in root-like processes an mentioned above penetrate this 
median part of the shell in a nearly vertical direction. The innermost layer 
of the shell is somewhat thicker than the enter one, bet otherwise similar to it 
The median and the outer layers of the shell faU of easily, and then internal oaete 
of a strange description, which preserve the inner shell-layer, asp produced 
(PI. I, fig. 8). 

In the flat smaller valve the median shettJsyer i» absent. 

Under the microscope, with amagstifjf^ of 100 diameters aid upwards, 
the whole shell can be seen to be composed of any thin lamella, which disunite for 
the formation of the cells and join together again in the outer layer of the shell. 
They are mostly vertical in the inner layer of the shell, bent nearly horizontal 
but irregularly outward in the median layer, and again vertically npwtord in the 
outer one. 

Each lamella shows a very distinct stnation vortical to its planes, caused ap- 
parently by prisms of which it is composed. These prisms are thus placed 
horizontally in the inner shell-layer from the inside of the shell to the outer, in 
the median layer vertically, and in the outer layer again horizontally. 

Besides this striation fine canals can also be distinctly traoed, which originate 
on the inner side of the shell and pierce the different lamella of which the shell 
is composed, causing thus the fine punctation of the inner shell-layer, similar to 
that occurring in Product* a. The canals are, however, not simple, but distinctly 
and manifoldly ramified, and thus absolutely different from those occurring in 
Productus. They are more similar to the canals which pierce the Abell of Orama, 
I do not think that these canals may be the work of boring Tha1lophy*<i. They 
seem to exhibit another character than the borings of those organisms. I shall, 
however, give detailed figures of these canals in my large work on the “ Salt- 
range Fossils.” 

The f o s si l is gregario us in its occurrence in nature, and the individuals are 
often so closely packed together that the root-like appendages of one individual 
are fastened to the individuals around, but I never found two individuals entirely 
grown together. 

These are the facts I have been able to ascertain relating to the structure 
of this fossil ; it remains now to deduce from them the systematic position the 
foBsil ought to occupy. As I have already formerly indicated, I was from the 
beginning doubtful whether the fossil ought rather to be considered a coral or 
a Brachiopod, and the views of palaeontologists to whom I showed the speci- 
mens were quite equally divided between the two classes. Mens . Darrande, as 
well as Professor Vallrin and Moller, were of opinion that this fossil was rather 
more related to the corals than to any other class of animals, whilst Professor 
Zittel and Professor Lindstr&m seemed to be more in favour of the view which 
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places it among the Brachiopods. The characters exhibited by the fossil are, 
indeed, of snch a conflicting nature that it becomes extremely difficult to assign 
to it any place in the system. 

In favour of the view which inclines to consider the fossil as a Brachiopod, 
the microscopic structure of the shell can be adduoed above all. Its silky lustre 
is absolutely identical with that of the shell of Product ue, though this lustre 
seems not to be effected in both oases by the same means. In the shell of Producing 
it is caused by obliquely ascending prisms, whilst in Richthofenia it depends 
apparently on the fine lamination of the shell as in Placuna or similar genera. 
Of great importance is the prismatic structure of the single lamina of which 
the shell of Richthofenia is oomposed. Such a prismatic structure is, as far 
as I am aware, chiefly characteristic of molluscs or molluscoids. I certainly 
have not as yet observed this structure in corals. In Oalceola gandalina , which 
seems the most kindred form among the corals, a microscopic section through 
the larger valve showed beautifully its construction of radial septa, but these 
septa exhibited all a granular, not a prismatic structure. 

The punctation of the shell is also very similar to that of Producing , and so 
are the hollow root-like tubes which penetrate the shell-substance of the larger 
valve, and adhere to other bodies. 

The smaller valve can also, on the whole, be very well compared to the same 
valve of Product™, though it remains doubtful whether the thick parallel ridges 
on the hinge-line of this valve in Richthofenia can at all be compared to a car. 
dinal process, and whether the impressions on the valve can be taken as muscular 
impressions. Beniform bodies are most certainly absent. 

Nevertheless, among all the Brachiopods the Producbidce are the only ones 
to which the genus Richthofenia might stand in any relation ; other Brachi- 
opods are certainly considerably less related to the present genus than the 
Produdidce. 

But, though all the points' indicated may be in favour of the Brachiopod 
nature of the present fossil, yet it cannot be donied that there exist also certain 
points of resemblance between Richthofenia and rugose corals. Any one who 
lookB only for a moment at PI. I, fig. 2, will bo convinced of this similarity. The 
irregular partitions in the lower part of the larger valve ; the columella-like 
part which is divided off by three vertical septa ; these Bepta themselves, which 
can very well be compared with the primary and the two lateral septa of a 
rugose coral ; the cellular structure of the shell ; the septa-like ridges on the 
outer wall of the animal chambers which are in connection with the hollow canals 
which pierce the substance of the shell ; and the tortuous tnbeB themselves into 
which the ^na.l« are prolonged on the outer side of the larger valve : all these 
characters remind one strongly of a rugose coral. There can be no doubt that 
on a first inspection, ignoring the silky lustre of the shell, one would far more 
likely be led to regard this fossil as a coral than as a Brachiopod. 

There is, however, yet another character to be pointed out, which is even more 
conflicting than those hitherto adduced ; this is the existence of something like 
a pallial impression round the upper margin of the larger valve, as figured in PI. 
I, figs. 16 and 8a. 
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This character, as -well as the very peculiar appearance of the partial oast as 
represented in PL If 6*. 8, and the longitudinal section, PL It, fig. S, induced 
mo to take yet another gk>op of fossils into consideration for comparison ; and 
these are the Budista in a restricted sense, ob defined by Stolicska in his 'work 
on the cretaceous bivalves. . 

It is a very curious fact that with the Budista the same difficulty prevailed 
as to their classification as with the present fossil. They had been considered 
hy L. v. Buch as corals, by d’Orbigny as Brachiopods, and recently they are 
placed by most men of science in the bivalves. 

The points of similarity between Bichthofenia and the Budista, chiefly Hip. 
parties, are not very numerous, it is true. It is chiefly the section which 
may be compared. If we cut open a specimen of Biehthofenia from the hinge- 
line to the opposite wall, so as just to touch the median vertioal septum (Plate 
II, fig. 5), we get a figure very similar to that whioh we obtain when we out 
through a Hippurites so as to touch the first oohunellar fold (the hinge-fold and 
the second columellar fold being left untouched), Plate II, fig. 10. The par- 
titions presented are very similar in both cases. They are bent up in the middle 
to form a kind of columella, and are separated from the outer walls of the shell 
by a sharp lino in both cases. It is due to this latter circumstance in beth 
cases that the outer walls of the shell fall ofE easily, and that such strange 
partial internal casts aro formed. 

Another point of similarity consists in the direction of the prisms, of which 
the substance of the shell is composed. The Budista differ from all the other 
groups of Pelecypoda in having the prisms of their outer shell arranged verti- 
cally, that is to say, longitudinally to the whole extension of the shell. Just the 
same is the case in the median shell layer of Bichthofenia, as has been explain- 


ed above. . , . JT . 

A third point of similarity of great importance exists in the palhal impres- 
sion, which is common to Bichthofenia and the Budista ; and, finally, it is not 
quite certain that the sinuationS of the large valve of Bichthofenia on both 
sides of tho hinge-line, which stand in so close a connection to tiie lateral vertical 
septa may not he regarded as tho beginning of the infoldmgs of the shell, which 
aro so very characteristic for the Budista . . 

All these points of similarity between the Budista and Bichthofenia im- 
portant, as they are in eonnection with the most staking characters of both 
fossils ; and it cannot as yet he positively denied that Bichthofenia ought 
he a predecessor of the Budista. To say anything positive on this point is at 
present impossible. The distance in time between Bichthofenia, which comes 
probably from the limits between the carboniferous and penman formations, 
and the Budista, which are for the greater part upper cretaceous, w so enormous, 
and every connecting link is as yet absent, that a very close affinity between 
the palaeozoic and the cretaceous forms cannot be expected, and<huait wiUonly 
be possible to prove the connection between the present fo*l ^ tire Budista, 
if father members of such a developmental senes should 

As the case now stands, it will probably be most prudent in acemdsnce with 
the microscopic structure of the shell to consider the fossil as something like a 
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Braohiopod. As far as my opinion goes, 1 am convinced that Bichthofenia is a 
member of a series, which, branching off somewhere from the rugose corals, 
has reached in Bichthofenia a Brachiopod-like stage, and is going to tenninate 
its career as a Pelecypod, as one of the Budista. But opinion is nothing in science, 
and proofs are everything. I hope that these lines will give an impulse to the 
elucidation of the very obscure relations of the fossil which has been the 
object of this paper. 

EXPLANATION OP PLATES. 

PLATE I. 

Bichthofenia Lawrenciana, Eon. sp. 

Fig. 1. Silicified specimen from the upper region of the Middle Productus- 
limestone of Musa Kheyl. la, view of the body chamber straight 
from above; 15, the same slightly oblique from the front; lc, interior 
side of the smaller valve of the same specimen : all natural size. 

„ 2. Natural section through a specimen from the coral beds of the Middle 

Productus-limestone of Virgal ; the section being parallel to the hinge* 
line and just touching the termination of the three vertical septa. 
The cells in the walls of the animal chamber are not quite correctly 
represented. 

„ 3. Portion of the shell surface enlarged 4 to 5 times to show the punota- 

tion, in a specimen from the upper region of the Middle Productus- 
limestone of Musa Kheyl. 

„ 4. Fragmentary specimen from the Middle Productus-limestone of the 

Chittawdn ; 4a, natural section through the lownr part of the animal 
chamber, showing the section of the three upright blades ; 42>, artificial 
section, very oblique, lower down through the partitioned part of the 
shell, showing the vertical septa and the space that is limited off 
by them. 

„ 5. Artificial transverse section through a specimen from the Lower Pro- 

ductus-limestone of Amb. The two lateral vertical septa unite in the 
middle. 

„ 6. One of the partitions of the larger valve seen from below on a broken 

specimen from the Middle Productus-limestone of the Chittawdn. 

„ 7. Fragmentary specimen, showing the cellular structure of the median 

shell-layer, the outer layers having been removed by weathering; 
from the Middle Productus-limestone near Khura. 

,, 8. Partial internal cast of a specimen from Musa Kheyl $ a, view from 

the hinge-line ; 8ft, view from the smaller valve. 

„ 9. Small specimen from the lowest beds of the Middle ^taductus-lime- 

stone of Katta from below, showing the point by which it has been 
fastened to the bottom of the sea. 
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Pigs. 1—9. Riohthopenia Lawrbhouna, Kan. sp. 

Fig. 10. Hippurites, sp. 

Fig. 1. Section through the shell of ft specimen from the Lower Produotus- 
limestone of Amb enlarged four times* To the right the outer, to 
the left the inner, side of the shell, at the lower extremity one of this 
shelly cones which traverse the shell substance ; prisma slightly 
indicated. 

„ 2. Internal cast of the smaller valve of a specimen from the Middle Pro- 

ductus-limestone of Musa Kheyi The spines on the inside of the 
valve appear as deep grooves. 

„ 3. Fragmentary specimen from the Middle Productus-limestone o£ the 

Chitt&wan, viewed from below, to show the irregularity of the par- 
titions, the ono figured being made up of five pieces 

„ 4. Fragment of the shell of a specimen from the Upper Productus-lilnestone 

(Cephalopoda bed) of J&bi, very obliquely weathered and enlarged 
about four times, to show the cells and the, in this case exceptionally 
numerous, shelly cones which are between them. 

„ 5. Artificial section through a specimen from the Lower Productus-lime- 

stone of Amb. The section is vertical to the hinge-line, just missing 
the median vertical septum, but yet hitting at the upper end of the 
columella the secondary septa which are joinod to the median one. 
Mineral matter partly intercalated between the partitions, as in all 
sections (PI. I, fig. 2 ; and PI. II, fig. 6). 

„ 6. Ar tificial section through a specimen from the Lower Productus-lime- 

stone of Amb, the section being parallel to the hinge-line, missing the 
three vertical septa altogether. 

„ 7. External view of a fragmentary but tolerably large specimen from the 

Middle Productus-limestone of the Chittawdn. 

„ 8. Specimen with exceptionally well preserved external surface of the 

larger valve, showing the longitudinal striation from the Lower Pro* 
ductus-limestone of Amb. 8a, lateral view, obliquely to the hinge-line ; 
86, portion of the surface enlarged. 

„ 9. Specimen from the Lower Productus-limestone of Amb; view from above 

to show the smaller valve and the fine granulations by which this as 
well as the bent over parts of the larger valve is covered. 

„ 10. Section through Hippuntes sp. from the Gosau formation of the None 
Welt near Vienna, figured for comparison with fig. 5. (Property of 
the K. K. Geologische Reichsanstalt in Vienna.) 
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On the Geology of South Travaucore, by R. Bruce Foote, f.g.s., Deputy Superin- 
tendent, Geological Survey of India. (With a plate and a map.) 

My colleague, Dr. King, was from various causes obliged to leave the survey 
of South Travaucore, from Trevandrum to Cape Comorin, very unfinished, and 
it devolved upon me to close up the gap left, so as to join the general survey of 
this State with the work I had done in Tinnevelly district. The small map which 
accompanies this paper shows the tract omitted in Dr. King’s map, appended to 
his two papers relating to Travancore, published last year (1882) 1 . The notes I 
have to offer refer mainly to the tract lying between the coast and tho high road 
leading from Trevandrum into Tinnevelly district through the Arambuli (Ara- 
munny) pass. 

The to{K>graphical features of South Travancore differ as greatly from those 
of the adjacent part of South Tinnevelly as do the climates of the two districts. 
The flat, sandy, and often barren plains of Tinnevelly are replaced by a very 
broken, rugged country, out of which rise numerous hills and rocky ridges, the 
whole thiokly covered by rich vegetation. With the exception of a oouple of score 
of square miles immediately to the north of Capo Comorin, the whole of South 
Travancore lies westward of the watershed along the Southern Ghats, which 
mountain range causes both the moist climate of Travancore and the dry climate 
of Tinnevelly, by intercepting from the latter practically the whole supply of 
rain brought by the south-west monsoon, and causing it to fall on their western 
slopes. A small tract around Cape Comorin, in the extreme south-east corner 
of Travancore, has a climate and shows a flora corresponding to the dry one of 
Tinnevelly. But within a very little distance to the westward a great change 
begins, and the climate and flora both assume an intermediate character, which 
may be traced over a tract extending from the Cape like a narrow wedge (in 
plan), having a base of somo 20 to 25 miles along the coast, with its northern angle 
in the Arambuli pass. Close to the main mass of the mountains the change of 
climate and flora is far more abrupt, and really takes place within a distance of 
a very few miles, e. g., near Mahendragiri, the most southerly high mass of tho 
Ghats (5,455 feet), where the change takes place in about 2 miles. 

The country owes its shfepe to the erosion of tho old crystalline rocks which has 
taken place on the most gigantic scale, proofs of which will be adduced further 
on. Dr. King, in his general sketch of tho Travancore country, points out 
(p. 88) the quasi-terraced arrangement the country shows, descending by steps, 
as it were, from the mountains to the coast. This terrace arrangement is much 
less well marked, however, in South Travancore than further to the north-west. 
Tho several terrace steps are marked by the existence of some ridges near the 
coast higher than the general surface of the countzy further inland. The most 
conspicuous of these is a considerable mountain mass lying north and north-east 
of the old fort of Udagiri (Oodagerry). 

1 See a . — General sketch of the geology of Travancore State. By W. King, D. Sc*» Depnty 
Superintendent (Madras), Geological Survey of India. 

6.— The Warkilli beds and reported associated deposits at Qnilon, in Travancore. By W. King, 
D. Sc., Ac., (with a map). Records, Geological Survey of India, Vol. XV, pp. 87 — 102. 
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The real southern ty^rjnination of the Southern Ghats occurs in north latitude 
8° it)', where the high mountains sink down into the Arambuli pass. Southward 
of the pass rises the perfectly detached Kathadi Malai, a fine rooky mass between 
2,000 and 3,000 feet high, which sends off a rocky spur extending southwards with 
two breaks, for a distance of 7 or 8 miles, and terminating in the bold Murtewa 
hill, 4 miles north-west of Cape Comorin. The Cape itself consists of low 
gneiss rocks, baoked up by a palm-grown sand-hill, about 100 feet high* A pair 
of very small rocky islands rise out el the sea a few hundred yards east of the 
Cape, but they are not shown in Atlas-sheet 63, any more than a re various other 
rocks occurring off the coast opposite Muttum 1 , Kolachal (Colachull), and Mel 
Madelatorai (Maila Muddalathoray), which are (the culminating points of ivefs 
formed by ridges of gneiss running parallel with the coast. At Kolachal, which is 
the seaport of South Travancore, the lie of the rocks is such that it would be easy 
to connect them by short rubble breakwaters, and thus to form a very useful 
little harbour in which coasting craft uottki easily lie up during the south-west 
monsoon. 

It will be seen by the map that a broken band of younger rooks occupies a 
very great part of the tract lying between the coast and the Trevandrum- 
Tinnevelly high road above referred to. There can be no doubt that these 
younger rocks not very long since, geologically speaking, formed an unbroken 
belt which extended considerably further inland than at present. ' The denudation 
they have undergone has been very groat, both vertically and laterally, and the 
remnantB of them left are in various places of such trifling thickness that all 
traces of their former existence will soon be effaced. They show most in the 
western part of the area under description, where they form small plateaux, whiph 
are well marked, except to the north, on which side they lap on to the rising 
surface of the gneiss and thin out, or are lost sight of, in the Kabak or pseudo- 
laterite formation, a rock resulting from the decomposition of ferruginous beds of 
gneiss. The surface of the plateaux, where not greatly eroded, is gently un- 
dulating and often supports a very dense and varied vegetation. The less compact 
portions of plateau surfaces are often cut into small, but very deep, rain gullies 
which render many places impassable for any but foot passengers. 

The most stri king feature in the flora of South Travancore is the immense forest 
■of fan palms (Borassus flabelliformis), which covers great part of the country. 
The fan palms, pr palmyras, attain here to much greater height than they generally 
do elsewhere. Trees measuring from 90 to 100 feet in height are not uncommon 
in places, and, with their stems greatly covered by white, or silvery, grey lichens 
they present a much finer appearance than the comparatively stunted specimens 
one is accustomed to see in the Carn&tic, or on tho Mysore and Deccan plateaux. 
Whether these Travancore trees owe any part of their greatly superior height 
to superior age, as compared with the palms in the great palmyra forest in 
South Tinnevelly, I could not make out ; but the white colour of their stems, added 

1 These rooks, nnd especially one called tho Crocodile rocks, were sources of great danger to 
tho coastipg ships, but that hits been removed by tho erection on tho Muttum headland of a light- 
house just completed. 
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to their great height, certainly gives them a mnch more hoary and venerable 
appearance. 

To the westward of the Cooletorary river the palmyra trees are less striking 
features in the landscape than to the eastward. Cashew nut trees (Anacardium 
occidentals) are also very largely cultivated, and attain to greater Bize than any- 
where in the Carnatic. Jack (Artocarpus integrifoliwn) and Alexandrine laurel 
(Galophyllum inophylUtm ) are also very common trees in South Travancore. 
Coco and Areca palms are commonly planted in the sides of the numerous little 
narrow valleys which score the face of the country, each with a rice flat in 
the bottom. 

The backwaters at the mouths of the several rivers, and the canals connecting 
them, are often thickly fringed with screw pine (Pcmdanu* odoratissimus) ; and 
a large fern, Acrostichum aureum (Linn.), is generally very conspicuous among 
the smaller bushes standing in the shallow water. One of the finest displays of 
tropical vegetation I am acquainted with in South In dia may be seen to great 
advantage by going in a canoe up the Cooletorary river for 3 or 4 miles from 
its mouth at T engapatanam (Taingupatnum). The varying effects of dense 
lofty palm groves, interspersed with large forest trees and fringed with pandanue , 
&c. f along the water’s edge, and backed by the beautiful blue outlines of Agastya- 
malai and other peaks of the Southern Gh&ts cannot fail to delight the eye capable 
of appreciating a series of perfect landscapes. Near the upper end of the navigable 
roach the beauty of the scene is increased by the presence of great granito gneiss 
rocks towering up here and there in the forest on either side of the river. Two 
other views, specially worth seeing, should be mentioned when describing the topo- 
graphy of this picturesque country. The first of these is due north from the 
bar at Mannagudi, 4 miles west of Cape Comorin. The eye here ranges across 
a large Bheet of fresh water, set among palms, making a glorious foreground to the 
mountains which rise to the north, Mahendragiri and the great mass of the 
Mutukulivayal plateau standing out boldly. The second view to which I wish 
to draw attention is to be seen from the white rock spit about 1} mile north- 
eastward of Cape Comorin. From here the south end of the ghats is seen across 
a lovely bay, with broken rocks and surf in the immediate foreground. The bright 
blue waters of the bay set off the fine tints of the nearer mountains to perfection, 
while the noble outlines of Mahendragiri and its companion peaks form a back 
ground of wonderful beauty. The view on a good day far surpasses the best of 
tho views across Bombay harbour, about which so muoh has been written. From 
the Cape itself the mountains are not seen at all, being shut out by sand-hills, 
topped by a forest of palmyras. 

In the foreground of the view from white rock spit the most characteristic 
trees are umbrella trees (Acacia planifrons), the most typical trees of the arid 
Tinnevelly plains, which are seen across the bay stretching away far to the 
north-east. A few miles to the west of the Cape these trees become very rare 
or have disappeared entirely. 

Very conspicuous features in the landscape of South Travancore, asvseen from 
tho deck of a vessel passing off the coast, are several patches of intensely red rock 
or sand standing close to the beach, but perched up at a considerable height 
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above the water’s edge. These are tens, or red blown sand s, capping cliffs of red 
sandstone, both of wliich formations will be referred to at length further on. 

The various geological formations to be found in South Travancore may, for 
convenience of reference, be*arranged in a tabular sohcme as below - 

r Blown sandf : the red (teris), and the white (co<ut dune#), 

Rsoskt ... J Soils ; kankar deposits j ferruginous hreoeias (lateritic). 

( Marine *nd estuarino beds. 

Tatiabt P Sands and clays (WarkiUi heck, ? Cnddalore sandstaoe.) 

Azoic ... Gneissic series. 


The Gnomic Series. 

In no part of the peninsula, perhaps, is there a greater and finer dhgjiby of tike 
ancient crystalline rocks than in the Southern Ghrfts in their southern half, and 
in the great spurs and outlying masses on their western or southern side. The 
disposition of the beds in South Travancore, when laid down on the map, shows 
the existence of a great synclinal curve, probably an ellipse, the major axis of 
which passes through, or very near to, the great mass of Mahendragiri j while the 
north-western focus (if the ellipse be a complete one) will be found somewhere 
to the north-eastward of Allepy. I had inferred the existence of this great synclinal 
ellipse from studying the course of the great gneiss beds on the eastern foot and 
flanks of the mountains southward of Courtallum, and Mr. King’s examination of 
the gneiss country across the Shenkotta pass and southward to Travancore indepen- 
dently demonstrated the existence of the central part of this huge synclinal fold. 
The topographical shape of the ground, as shown in Atlas-sheet 63, points strongly 
to the fold being a true ellipse, the extreme north-western extremity 01 which 
is probably hidden under the alluvial bed north of Allepy, while the extreme 
south-eastern apex lies most likely in the sea to the E-N-E of Cape Couperin. The 
curve of the coast from Cape Comorin north- wostward to close up to Trevandrum 
coincides with the south side of the great synclinal, and the different ridges inland 
also coincide absolutely with the strike of the harder beds of the series. Several 
southerly dips were noted in the rocks on the coast westward of Kolachel, whioh 
looks as if the axis of an anticlinal had there been exposed, but they may possibly 
only represent trifling Vandyke-shaped bends or crumples, in the side of the great 
synclinal. To the north of the area under consideration the rocks roll over 
northward into a great anticlinal fold. 

The true bedding of the gneiss on a large scale is extremely well displayed 
in the great outlying mass known as the Udagiri or “ Murroovattoor ” mountain. 
Both strike and dip are admirably seen from the travellers’ bungalow at Eagar 
Kovil. One of the finest examples of a sheer naked wall ot rook to be seen 
in South India is shown in the tremendous cliff forming the S. E. front of the 
Tiruvuna Malai, the great eastern spur of Mabendragin. This bare precipice 
must be fully 2,000 feet or more in height, many hundred feet ib the central part 
being absolutely vertical, or even overhanging a little. As might be expected, 
fliia great has attracted much notice; it forms the Cape Comorin of some 
sailors, and of Daniel’s famous view of that cape, though in reality some 16 miles 
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from the nearest point on the coast and 28 milos from the cape itself. Even the 
Hindu mind, generally so stolid about the beauties of landscape scenery, have 
connected this noble mountain with the name of Hanuman, the famous monkey 
god, who is said to have planted one foot on each of the two Peaks and to have 
jumped across the Gulf of Monar and alighted on Adam's Peak, a standing 
jump of 220 miles odd being a trifle for the long-tailed divinity. 

Another grand precipice occurs on the south-east face of the Taduga Malai, 
at the western end of the Arambuli pass. The cliff-faces in both these splendid 
scarps coincide with great planes of jointing. 

The predominant character of the gneiss rocks in this quarter is that of a 
well-bedded massive, quartzo-felspathic granite gneiss, with a very variable quantity 
of (generally black) mica and very numerous small red or pinkish garnets. This 
is the characteristic rock at Gape Comorin, and very generally throughout South 
Travancore, and Tinnevelly district as well. 

Scattered grains of magnetic iron are commonly met with in the weathered 
rocks. No beds of magnetic iron were noted by me, but some may very likely 
occur, ‘and would go far to account for the enormous quantities of black magnetite 
sand cast up on the beach at frequent intervals along the coast and of which the 
source is at present unknown, unless it has been brought by the south-westerly 
current prevailing during the south-west monsoon. The source of the garnets 
which form the crimson sand, which is of nearly equally common occurrence, is 
not for to seek, for it is hardly possible to find a bed of rock which does not abound 
in garnets. The so-called “ fossil rice ” found at the extreme point of land close 
to the capo is merely a local variation of the quartz grains sot free by degradation 
of the rock. They assume the “ rice ” shape after undergoing partial trituration 
in the heavy surf which beats incessantly on the southern coast. 

The sub-aerial decomposition of the felspatho-ferruginous varieties of the 
gneiss produces in the presence of much iron a pseudo-laterite rock very largely 
developed over the gneissic area described by Dr. King in his Sketch of the 
Geology of Travancore under the name of lateritised gneiss, a rock which is po- 
pularly called laterite in Travancore and kabuk in Ceylon. In numberless places 
this peculiar decomposition of the gneiss, which is pre-eminently characteristic 
of very moist climates, has .altered the rook in situ to variable, but often consider- 
able, depths, and the original quartz laminae of the gneiss remain in their pris- 
tine position, and often to all appearance unaltered, enclosed in a ferruginous argil- 
laceous mass formed by the alteration of the original felspar, mica, garnets, and 
magnetic iron. The colour of this generally soft mass varies exceedingly, from 
pale whitish pink to purple, red and many shades of reddish brown and brown 
according to the percentage of iron and the degree of oxidation the iron has un- 
dergone. The bright colours are seen in the freshly exposed kabuk or pseudo- 
laterite, but the mass becomes darker and mostly much harder as the haematite is 
converted into limonite by hydration, and more ferruginous matter is deposited, as 
very frequently happens, by infiltration. The pseudo-laterite formed by accumula- 
tion of decomposing argillo- ferruginous materials derived from distant points is to 
be distinguished generally by the absence of the quartz laminae as such. The 
quartz grains are generally much smaller, and are scattered generally through the 
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'whole mans of stow totaled rock. One excellent example of the pseudo-laterite 
formed by the decomposition in aitu is to be seen in a steep bank in the zoological 
gardens in Treva&drtun, close to the Tapirs' den. Equally good examples are 
very common in many of the cuttings along the high road east of Trevandmtn. 

The washed-down form of peeudo-lbterite often forms a rock intermediate 
in character between a true sub-aerial deposit and a true sedimentary one, and 
consequently by no means easy to classify properly. In fact, in a country subject to 
such a tremendous rainfall, the sub-aerial rocks must, here and there, graduate ihto 
sedimentary ones through a form which may be called “ pluvio-detidtal.” Such 
pluvio-detrit&l forms occur very largely in South Travaneore, but it is impos- 
sible in most oases to separate them from the true sedimentary formations they are 
in contact with. 


The Warkilli or Cuddalore Sandatone Series. 

The Cuddalore sandstone series, first distinguished on stratigraphioal grounds 
as a separate geological group by Mr. H. F. Blanford, were by him supposed to 
foe very probafoly of tertiary age. In the absence of sufficient palaeontological 
evidence it was impossible to assign any more approximate position to these 
rocks, the silicified exogenous tree stems found at Tiruva-Karai, near Pondicherry, 
not being deemed of sufficient importance. 

Other similar sandstone formations subsequently examined near Madras, in 
Kajahmundry district and on the Travaneore coast near Quilon could, in the 
absence of all fossils, be assigned by myself and Dr. King only in a provisional 
way to the age of the Cuddalore rooks. Lithologically and petrologioally these 
several sets of sandstones and associated clays, Ac., show great resemblance, 
and their relative positions on or near the existing coast lines further justified their 
being provisionally associated, though separated by such great distances. 

A very careful examination of the beds near Quilon by Dr. King, who had 
the advantage of seeing the fresh cutting made through plateaux of these rocks in 
connection with the new tunnel at Warkilli has unfortunately thrown no positive 
light on their true geological position. The vegetable remains associated with 
the lignite beds at base of the series proved insufficient to allow of determination 
of their own character, and consequently most unsuitable to assist in settling the 
homotaxy of the strata they occurred in. The sodimentaiy beds forming the 
belt of small plateaux fringing the coast of South Travaneore must, on petrological 
grounds, be unhesitatingly ^regarded as extensions of the Quilon beds, or Warkilli 
beds of Dr, King. None of these formations which I traced from Villenjam, 
9 miles south-east of Trevandrum, down to Cape Comorin, afforded the faintest 
trace of an organic body : thus, no light was thrown on the question of the geo- 
logical age or homotaxy, but somewhat similar sandstones and grits are found 
on the Tinnevelly side of the extreme south end of the Ghfifcs range, and in a 
coarse gritly sandstone, much resembling some of the beds in Travaneore, a bed of 
clay is intercalated, in which occur numerous specimens of Area rugoaa and a 
Gytherea of a living species. The locality where these 4 fossils of recent species 
were found occurs on the right bank of the N&mbi-Ar, about 2 miles above its 
mouth and a few hundred yards from the bank of the main stream. All the 
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sub-fossil shells I found here are of living species ; hence the deposits enclosing 
them cannot he regarded as tertiary ; and if the agreement of these Nambi-Ar beds 
with the Warkilli and South Travancore beds on the one hand, and the Ouddalore, 
Madras, and Rajahmundiy beds, be assumed, as they must be on petrological 
grounds, the Cuddalore sandstones and their equivalents elsewhere must be 
accepted as of post-tertiary age. As far as it goes, the evidence is clear and 
distinct ; but more evidence is required as to the age of some of the intermediate 
connecting beds, such as those south and east of Kudan-Kulam. 

The typical section of the Warkilli rocks near Quilon, given by Dr. King, 


shows the following series : — 

Feet. 

Laterite 80 to 40 

Bands and sandy clays or lithoxnarge 68 

Alain clays 25 

Lignite beds 7 to 15 

Sands % 

Total ... 120 to 188 


with which we may compare the series seen in the fine section formed by the 
beautiful cliffs in Karruchel bay, 11 miles south-east of Trovandrum. 

The section here exposed shows the following scries of formations: — 


Feet. 

4 . Soil — dark red, sandy loam, lateritic at bane . . . . 8 to 10 

8. Sandstone — hard, gritty, purplish or blackish .... ? 

2. Sandstone — gritty, rather soft, false bedded, often clayey in parts 
(lithomargic), variegated ; in colour red, reddish-brown, purplish- 

white-yellow 40 to 60 

1. Sandstone — gritty, rather soft, false-bedded, rod, purple, pink, white, 
variegated j shows many white clay galls producing a conglo- 
meratic appearance in section 40 

Base not seen, hidden by sandy beach. 


The total thickness of these beds I estimated at about 100 feet ; the upper 
part is obscure, from pluvial action washing down the red soil over the dark 
grits. The middle and lower parts of the section are extremely distinct, and the 
colouring of the beds very vivid and beautiful ; but the beds are by no means 
sharply defined. 

The beds dip north-easterly (inland), and from the slope of the ground on the 
top of the cliff the angle of dip may be inferred to be from 25° to 30°. Further 
inland, near Pinnacolum, the dark gritty sandstones lie horizontally, at a con- 
siderably lower level than at the top of the Karruchel cliffs, but rise again east- 
ward. The middle gritty series is exposed along the western side of the Karru- 
chel lagoon, but is highly lateritised by weather action. Three miles, or so, to the 
north of the. l ag oon, purplish gritty beds show strongly and form a small well- 
marked plateau overlooking the valley in which lies the village CotukaU. 
That the gritty beds are sometimes replaced by clays is shown by the materials 
turned out of two deep wells sunk into this plateau at two points several miles 
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apart; otto of time lies rather more than half a mile to the northward of 
Mullnr (Mooltoor of sheet 68). Here the section, which is from 80 to 100 feet 
deep, passes through mottled gritty sandstone and into bine and white mottled day. 
The other section revealing clays below the gritty beds is in a well sunk close to 
the new road from Valrampur (V anlrarpoor) to Puar (Powar), and some distance < 
south of the place Bhown in the map as Vunpoyal 1 , The day hare is of a similar 
white and blue mottled odour. 

A section in the low cliff forming the small bay immediately east of Villeujam 
shows a mottled vermicnlated clayey cock showing mostly no bedding at all. 
Traces of bedding are, however, revealed aa the cliff is followed southward by the 
appearance of thin bands of grit nsar tfc* base of the section which rests on the 
underlying quartzo-felspathio garaettforous gneiss. This mottled clayey rock 
( believe to represent the bluish- white-mottled day turned out of the lower 
parts of the well section near Mullur before referred to. It is locally considerably 
discoloured and stained by the percolation of water through the ovekying pseudo* 
lateritic, dark-red sand. As will be seen by any one who follows the coast line 
these Warkilli sandstones rest upon a very rugged and broken gneiss surface. 
Many great tors and knolls of granite gneiss protrude through the sandstone 
plateaux or tower over them from adjacent higher ridges, which have been com- 
pletely denuded of the younger rooks. 

The greater part of the surface of the tract occupied by those Warkilli 
beds west of the Neyar is thickly covered by sandy loam, generally of dark 
red colour, which conceals the sub-rook very effectually, excepting where the 
loam is deeply eroded. A well-marked patch of purplish grit forms a knoll, 
about a mile south-west of Valrampur. Traces of the former, more easterly, 
extension of these beds are to be seen at intervals along and to the north 
of the Trevandrum-Tinnevelly road between Valrampur and Neyatum Karai. 

In the tract lying east of the Neyap few sections exhibiting the grits, &c., were 
mot with, and all were small and unsatisfactory. The surface of the ooantry is 
either largely covered with the deep red soil, or else the extremely broken surface 
of the gritty beds is extensively lateritised. The appearance of the country when 
seen from elevated points is, however, characteristically very different from the 
gneiss and kabuk tract lying to the northward. This may be well seen from Colatoor 
trigonometrical station hill, as also from the high ground close to Cauracode, but 
yet more strikingly from the Kodalam Pothia, a hill 2 miles west-north-west of 
Paurashal ay. Sections in which the true character of the rock is to be seen oocar 
on the high ground close to the junction of the new roads leading from Puar 
(Powaur) and Martanda Putentorai respectively to Paurashalay, also to the 
southward near Shoolaul (of map), where a large rain gully cuts deeply into the 
grits and underlying clayey beds ; also along the ridge of high ground north and 

1 1 failed utterly in id en tifyin g this and many other of the village n a m es given oh the map 
(sheet 68). It was very difficult to localise the positions of many phenomena I wished to record, 
even if landmarks existed on which to take bearings, owing to the extreme inadequacy of the msp. 
The fact that the villages and hamlets generally straggle far and widely over the face of the 
country, instead of coinciding with any points indicated on the map, does not at all assist one iu 
fixing one's whereabouts iu the absence of landmarks. 
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north-east of the Yeldaaeput of the map. Traces of the former eastward extension 
of the grits were noted on the eastern flank of the Kodalam Pothai, and on high 
ground half a mile or so to the northward of the cutcherry at Paurashalay. The 
beds composing this patch of Warkilli rooks have undergone greater superficial 
denudation than those in the Karruchel patch to the north-west. 

In the small patch lying east of the Kuletorai (Cooletoray) river some in- 
structive sections of hard dark grits and underlying clayey grits of the usual 
reddish, bluish, and white mottled colour are to be seen south of Killiur (Killioor). 
Borne of the sections show regular miniature ( cations’ 15' to 20' deep, with vertical 
sides and numerous well formed pot-holes. Hard purplish grits show on the 
surface between Killioun and Pndukaddi (Poodoooudday) and soft mottled grits 
in a well section close east of the little D. P. W. bungalow at Tengapatnam, 
(Taingaputnum). At the southernmost point of this Killiur patch the grits 
become coarsely conglomeratic over a small area. A little to the north of this 
the grits, when resting on the basset edge of a bed of granular quartz rook, 
present the characters of a perfect arkose, made up of the angular gneiss debris. 
In places this arkose might be most easily mistaken for a granitic rock. 

A distinctly conglomeratic character is shown by the grit beds close to 
Madalam (Muddaulum), This Madalam patch of Warkilli sandstones is on its 
southern side deeply cut into by a gully which exposes regular cliffs with from 
85 to 40 feet of coarse or conglomeratic mottled grits, capped by thick red soil. 
The grits contain many large clay galls and lumps of blue or mottled colour. 

In the Kolaohel (Collachull) patch the grits are extremely well exposed in 
deep cuttings (miniature cations) made by the stream rising just west of Neyur. 
They are of the usual mottled description. Where seen at the eastern side of 
the patch near the Eranil (Yerraneel) cutcberry they are quite conglomeratic. 

They are exposed also in a gully crossing the road which runs north from 
Kolachel to join the main road, and in a well-section on the high ground a mile 
north-eastward of the little town. The south-eastern part of the patch is 
entirely obscured by a great thickness of dark red soil. They peep out, however, 
below the red soil at the western end of the great tank 3 miles south of Eranil 
(Yerraneel). 

A very thin bed of conglomeratic grit underlies the teri, or red sand-hill, 
capping the high ground north of the Muttum (Moottum) headland. Further 
east a few poor sections only of whitish or mottled grit prove the extension 
of the Warkilli beds in that direction, nor are they well seen again till close 
into Kotar, where they show in various wells and tanks, but are still better seen 
in a deep rain gully south of the travellers’ bungalow at Hagar Kail, and in 
a broad cutting immediately to the east of the bungalow. The variegated gritty 
sandstones here seen are very characteristic, and strongly resemble some of 
the typical varieties in South Arcot and Madras districts. 

To the south of Kotar the grits are to be seen in streambeds op enin g to the 
Purrakay tank, and in a series of deep rain gullies on the eastern Blope of a large 
red soil plateau to the south-west of Purrakay. 

A small patch of gritty sandstones of similar character to the above occurs 
immediately north and north-west of Cape Comorin. As a rule, they are badly 
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exposed, being mob masked by the red-blown sand of a small teri. The most 
accessible section is a small one seen in the bottom of a good-sized bowrie, a little 
south of the junction of the roads coming from Trevandram and Palamootta. 
This section can only be -seen when the water in the bowrie is low. A consider- 
able spread of similar greyish or slightly mottled grits is exposed about half a 
mile to the north-east of Govh Colum, and 1 J miles north-west of the Cape. 
Lying between the two exposures just mentioned, but separated from either by 
spreads of blown sand, is a different looking vermiculated mottled grit of much 
softer character. This is extensively exposed in the banks of a nullah and head* 
water gullies falling into the Agusteshwar* The colour of this soft grit ranges 
from red, through buff to whitish. The bids roll to the northward. This grit 
is full of vermicular cavities filled with white or reddish kanksr (i mpur e 
carbonate of lime). The grit seems to graduate upward into a thick red gritty 
soil full of small whitish red, impure (gritty) calcareous concretions. There is 
good reason, however, for thinking that this graduation is merely apparent, and that 
the red gritty soil is only the base of a red sand-hill, or teri, undergoing c han ge 
by percolation of calciferous water. A hard brown grit is exposed for a few square 
yards just north of the junction of the two roads above referred to. This rock has, 
except in colours, considerable resemblance to the red- white grit just described, 
and both probably overlie the pale mottled grits near Covacolum. 

The last patch of grits to be mentioned forms almost the extreme easterly 
angle of the Travancore territory, and lies to the eastward of the southernmost 
group of hills and along its base. Not many sections of the grit are here exposed 
owing to a thick red soil formation which laps round the base of the hills, and is 
only cut through here and there by a deep rain gully or a well. The grits here seen 
are like those exposed near the travellers' bungalow at Nagar Koil, but show 
much more bedding and arc almost shaly in parts. The colour of the grit is 
white, pale drab or grey mottled with red and brown in various shades. They 
lie in depressions in the gneiss, and were either always of much less importance 
and thickness than the beds to the west, or else have been denuded to a far 
greater extent. They are best seen in gullies to the south-west and west of 
Russhun Kristnapur, 7 miles north of Cape Comorin, and in the beds of the 
small nullahs west and north-west of Comaravaram opposite the mouth of the 
Arambuli pass. None of these Warkilli grit beds occurring between Trevandram 
and Cape Comorin have yielded any organic remains as far as my research has 
gone, and I fear none will be obtained by subsequent explorers. The alum shales 
occurring in Dr. Sling's Warkilli section have not been traced in South Travancore, 
and I had not the good fortune to come across any lignite. It is said to occur 
not unfrequeutly to the south of Kolachel, and to be tqrned up by the people 
when ploughing their fields. I have no reason to doubt this, for it is extremely 
probable that some of the clayey beds should contain lignite. From the configura- 
tion of the ground, too, the paddy flatalong the southern boundary of the Kola- 
chel grit patch would coincide in position with some of the clayey beds near the 
base of the series which are lignitiferous at Warkilli ; and why not at Kolachel P 

The recent discovery of lignite in the Cuddalore sandstones at Pondicherry 
adds greatly to the probability of the correctness of Dr. King’s and my conclusion 
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(arrived at by ns separately and independently before we bad an opportunity of 
comparing notes) that this gritty bed in Tinnevelly and Trftvancore should be 
regarded on the grounds of petrological resemblance and identity of geographical 
position as equivalents of the Cuddalore sandstones of the Coromandel coast. 

The question of the age of these Cuddalore or Rajahmnndry or Warkilli 
sandstones I propose to examine in the Memoir on the Geology of the Coastal 
region of Tinnevelly and Madura districts which I am now preparing. 

The Marine Beds. 

At Cape Comorin and two other places along the coast to the northward are 
formations of small extent but very considerable interest, which, by their mineral 
constitution and by the abundance of fossil marine shells they onclose, show them- 
solves to be of marine origin, and thus prove that the coast line of the peninsula 
lias undergone some little upheaval since they wore deposited. These beds are to 
be seen close to the Cape at the base of a small cliff which occurs immediately 
south of the Residency bungalow, and only about 200 yards west of the Cape 
itself. The annexed plate is a truthful sketch of the little cliff, takon from a 
mass of gneiss rock projecting some little distance out to the south. The rocks 
seen in the surf, and immediately behind it on the beach, are all gneiss. The base 
of the small cliff is composed of friable gritty calcareous sandstone, full of com- 
minuted shells. The base was not exposed at the time I examined this section, some 
heavy gale having piled up the beach sand against the foot of the cliff, and for this 
reason it was impossible to trace the probable connection of this sandstone with 
another exposed at a slightly lower level at a few yards distance to the west and 
just beyond the left-hand limit of the sketch. This lower bed is similar in 
mineral character, but very hard and tough, and offers great resistance to the surf, 
but has nevertheless been deeply honeycombed and in places quite undermined. 
The roof of the miniature caves thus formed have in some cases fallen in, but 
have been partly re-cemented by deposition of calcareous matter in the lines 
of fracture. To return to the cliff section, the basement sandstone is overlaid by 
a similar but slightly harder yellowish friable bed, which contains many unbroken 
shells (all of living species), in addition to a great quantity of comminuted ones. 
The base of the lower b£d is-hidden by sands, but from the proximity of the gneiss 
it cannot exceed 5 or 6 feet in thickness, while the overlying shelly bed measures 
about the same. It is overlaid in its turn by a massive bed, 6 to 10 feet thick 
locally, of a kind of travertine formed of altered blown sand, composed mainly of 
fully comminuted shells. This travertine contains immense numbers of shells and 
casts of Helix vittata, the commonest landshell in the south ; it will be described 
specially further on. Owing to the soft character of the marine sandstones, the 
cliff has been much undermined by the tremendous surf which breaks on this 
coaBt in bad weather, and great masses of the hard travertine of the Helix bed 
have fallen on to the beach, as shown in the sketch, forming a partial break- 
water against the inroads of the sea. 

The shells contained in the upper sandstone bed were all found to be of living 
spocies, where sufficiently well preserved to admit of identification, the majority 
of the specimens are too ill preserved for specific identification. Four miles north* 
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north-east from -the it is locally termed, stands tbs little stone-built fort 

of Watta Kotai (Wufcta Kotha), which is built upon a small patch of calcareous 
sandstone, full of marine shells, exposed in the moat along the north face of the 
long curtain wall which jefins Watta Kotai fort with the extensive series of fortifi- 
cations known as “ the Travancore lines.’* The marine limestone may be traced for 
nearly half a mile inland in the bottom of the moat. This marine bed is overlaid 
by a very thin bed of travertine limestone full of Belt* vittata; it has been cut 
through in the formation of the moat. The thickness of the shelly marine bed is 
unknown, but the Helix bed is not seen to exceed 10'' or 1' in thickness. As far as 
seen in the very small exposure, both formations lie nearly horizontally. An o ther 
small exposure of the marine bed occurs at the western eud of a little backwater 
(not shown in the map) to the north of the port. The sandstone h ere cont ain s 
many well preserved marine shells, all of living species ; but further west, where 
the bed is exposed below theHolix bed in the moat the enclosed shells are all broken 
and comminuted. The surface of sandstone, as seen at the end of the little back* 
water, is raised but a very little distance above the sea level, probably not more 
than 4 nr 5 feet at the outside. The rise of the ground along tho moat is ex- 
tremely small, and even at the furthest point from the sea at which the sandstones 
are exposed the elevation is probably not more than 10 or 12 feet at most, which 
would correspond with the top of the sandstones as seen in the little cliff at Cape 
Comorin. 

About 2 miles north-east-by-north of Wattakotai fort a small patch of white 
shelly limestone occurs peeping out of the low belt of blown sand which fringes 
tho coast at that spot. The village of Kanakapur which lies immediately to tho 
north is the last within the Travancore boundary. The limestone only stands 
out a few inches above the surface of the surrounding sands, and no section could be 
found to show its thickness, but in point of elevation above the Boa Level it agrees 
perfectly with the Watta Kotai and Cape Comorin beds. The limestone which 
is fairly hard is quarried for economic purposes, and unless a good deal more of 
the bed than now meets tho eye remains hidden under the sands, it will, before 
many years are over, have been removed by human agency. 

The shell-remains oocur as impressions and casts of great beauty and perfect- 
ness, but the shelly matter has disappeared entirely, being probably slightly more 
soluble than the enclosing limestone. The limestone oontainB a large number of 
specimens of Helix vittata which were evidently carried out to 6ea and there 
entombed in a shallow water formation. To any one who has noticed the enor- 
mous numbers of this Helix living in this neighbourhood, and in the southern 
districts generally, the large number of it occurring fossil in this marine bed 
will be a matter of no surprise. 

The Blown Sands. 

Two very marked varieties of JEolian rocks occur along or near the coast of 
South Travancore, as well as along that of Tinnevelly ; they are the red sands, 
forming the well known teris of Tinnevelly, where they are developed on a far 
larger scale, and the white sands forming the coast dunes. In South Travancore, 
as far as my observation went, the red sand hills are no longer forming ; all are 
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undergoing the process of degradation by atmospheric agencies, at various rates 
of speed. The red sands have in many places ceased to yield tothe influence ot 
the winds and have arrived at a condition of fixity and compaction caused by the 
action of rain falling upon the loose sands percolating through them and during 
heavy showers flowing over their surfaces and washing the lighter clayey and 
smaller, though heavier, ferruginous particles down the slopes of the hills or into 
hollows on the surface, where, on drying, a fairly hard, often slightly glazed, sur- 
face of dark red loam has been formed. This loam is very fairly fertile and soon 
becomes covered with vegetation, which further tends to bind the mass together 
and render the surface secure from wind action. The loose sand, deprived of 
the clayey and finer ferruginous particles, would, unless unusually coarse in grain, 
be carried off by high winds elsewhere or remain in barren patches on the surface. 
I believe this process has gone on extensively over many parts of South Tra van- 
core, and explains the existence, on the surface of the country and resting indis- 
criminately on the gneiss and the younger rocks as the Warkilli sandstone, of the 
great thick sheets' of pure red loam which have not been brought there by 
ordinary aqueous deposition nor formed in situ by the decomposition of the under- 
lying rocks. The percolation of the rain-water through the mass has in many 
places given rise to the formation of concretionary ferruginous masses, which are 
often strongly lateritoid in their aspect. The quantity of clayey matter and of 
iron ore in the form of magnetic iron is very great in the sand of many of the 
teris. The greater quantity of the water falling on the teris, as on other blown 
sand surfaces, escapes by percolation, and it is a common phenomenon to find springs 
issuing around the foot of the sand mass during the rainy season and becoming 
dry in the hot or rainless season. 

The teris in South Travancore which still retain their character as accumula- 
tions of moving red sands are four in number and all very small, the largest not 
measuring one square mile in area. They ape all close to the coast and with one 
exception stand high and conspicuous to ships passing along at a fair distance. 
The largest and most conspicuous is that at Muttum which caps the high ground 
with the new light-house. The process of fixation has gone on here largely and the 
moving sands cover a much smaller space than does the fixed portion 1 . The same 
may be said of the ten resting on the south-eastern extremity of the Kolaohe 
(Colachul) sandstone plateau. To the north-west of Kolachel are two much smaller 
teris at the distances of 3 and 5 J miles respectively. In both of these also the 
area of the fixed sand far exceeds that of the loose. Especially is this the case 
in the more northerly teri near Mel Madalatorai (Maila Maddalaitoray). Here 
the fixed part has undergone tremendous erosion and is traversed by long and deep 
rain gullies, with vertical sides up to 20 or 25 feet high. Gullies on a yet larger 
scale are to be seen at the south-east comer of the Kolachel sandstone patch and 
at the eastern side of the Muttum patch. Yeiy large but shallower gullies are to 
be seen at the south-east comer of the Nagarcoil patch, where there is a very large 
fixed teri. . 

1 1 have shown the extent of the unfixed or moving teris on the map j the fixed part I have 
treated as a soil and ignored accordingly. 
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Footb: Geology of South Travancore. S3 

The enroll i .amedi&tely behind Cape Comorin is a very poor specimen 
of its kind, and, in fact, hardly deserves to rank as one owing to its pale colour 
and poverty in iron sand, but it will not do to class it as a coast dune, as it con- 
sists mainly of silioious sand, while the true dunes at the Cape consist mainly 
of calcareous sand composed of comminuted shells, corallines, t mllip ores, <fcc. 

The sand of the typical tens is silioious or ferruginous (magnetic iron), the 
former being well rounded and coated with a film of red oxide of iron, which 
is removeable by boiling in nitric acid for a few seconds. Common ae garnet 
sand is on the beaches of South Travancore, 1 never yet found a grain of it in 
the tori sand, where the latter was pure and h*4 not been mixed with beach sand. 
Much difficulty exists as to the source whence the red sand was derived ; but I will 
not attempt to discuss this question here, as 1 hope to treat it at much greater 
length than I could now, in a Memoir on the Geology of Tinnevelly ind Madura 
districts which 1 have in preparation. 

The coast dunes of South Travancore are, except close to the Cape, in no way 
remarkable. A large patch of small hillocks to the north-west of the mouth 
of the Kuletorai (Cooletoray) river was caused by the wind shifting a great mass 
of sand turned out when the new canal was dug and heapod up on the north 
bank of the canal. 

Some tolerably high ridges occur 3 miles south-west of Kolachel. The sand 
here contains so much fine magnetic iron that it looks in parts of a dark grey 
colour, shading here and there almost into absolute black. 

A considerable quantity of blown sand fringes the coast from the Muttum 
headland eastward to Cape Comorin, and between Pullum and Culladevella forms 
some considerable hills. At Covacolum the highly calcareous beach sand which 
forms many low hillocks has been solidified in several places into coarso shelly 
limestone. The Helix bed at Cape Comorin already referred to, when treating 
of the Marine-beds, is really an altered sand dune, the calcareous matter of 
which has, by percolation of acidulated water, been dissolved and re-deposited, on 
evaporation of the water, as a subaerial travertine. Countless thousands of Helix 
vittata , and a considerable number of shells of Nanina tranquebarica , the two 
commonest land shells in this part of India, have been inclosed and fossilised in 
the formation of this travertine, which is evidently in constant progress. The 
immense wealth of shellfish of all kinds, added to large quantities of corallines 
and nullipores, incessantly thrown np by the surf, furnishes an abundant supply 
of calcareous sand for the formation of this travertine, which forms a bank more 
than a mih long and rising some 80 feet or more above the sea at its highest 
point. Its inland extent cannot be ascertained, as it is covered by loose sands. 
It probably only extends 300 to 400 yards inland and abuts against a low ridge of 
gneiss. 

Coral Beefs . 

A few tiny fringing reefs are to be seen half to three-fourths of amile west of the 
Cape, half in the surf at low tide, and wholly in it at high tide. They are now to 
he considered as dead reefB, abandoned by the polypes that built them. I examined 
most of carefully, without finding any live coral, and was incl i ne d to doubt 
the correctness of my inference, drawn from their tabular shape and many shal- 

B 
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low basin-like cavities ; but later on, when examining some identical fringing 
reefs oft the Tinnevelly coast to the* south of Kndung Knlam trigonometri ca l 
station (the south point of the Cape Comorin base-line), I found a considerable 
quantity of live coral lining the sides of the little basins, and equally large 
quantities of coral quite recently dead in adjoining basins. 

A great deal of shell debris, sand and broken stone, is included in the m a ss 
of the reefs which in several places have formed around masses of rock standing 
'in rather shallow water, and joined up many loose blocks of stone tossed on to 
them by the surf into tremendously coarse conglomerates. Some Bimilar reefs, 
but of rather larger size, occur along the coast to north-east of Cape Comorin ; 
in these the tabular mass extends from 10 to 40 and 50 feet in width, from the 
shore to the constantly surf-beaten outer edge. In one or two places parts of the 
reef had evidently been founded on sand, which had been washed away, leaving 
an unsupported surface of many square yards in extent, which the surf of the 
next high tide or first gale of wind would either break up or else a gn-in support 
with sand washed under it. These little reefs are worthy of much closer ex- 
amination than I was able to bestow upon them 

The coral fauna of the Cape Comonn sea is on the whole a re marka bly poor 
one, as far as one may judge by what is to be found thrown up on the beach. 
Dredging might reveal much more, but unfortunately no boats are to be found there, 
only Kattum&rams (Catamarans) , which would not be the most convenient form 
of craft from which to carry on scientific observations. The sea here is, however, 
so very rich in animal life in many forms, that it would assuredly afford a rich 
reward to any one having a suitable vessel at command. I obtained in a very 
short time a far larger number of species of shells here than at any other place on 
the Indian coast. 

Soils . 

The prevalent soils are red ones, varying in the quantity of their ferruginous 
element. The red' soils seen inland near the main trunk road are chiefly formed 
of gneissio debris by subaerial decomposition. The origin of the deep rod sandy or 
clayey loams has already been discussed (ante, page 32). They occupy no in- 
considerable area. True alluvial soils occur very rarely, if at all, now-a-days ; those 
which fill the bottoms of the many valleys and creeks in which paddy » cultivated 
being greatly altered from their original condition by centuries of cultivation, 
the addition of various mineral, vegetable, and animal manures. Estuarine beds 
full of subfossil shells, Oytherea, JPottamides, Melania, Ac., of living species are 
exposed in the salt pans at the mouth of the Kolaohel nullah. 

The alluvium in the valley of the Paleyar, which flows south from the west 
flank of Mahendragiri past Nagurkoil, is, where pure, a coarse gritty silt. 

Economic Geology. 

Valuable minerals and metals are conspicuous by their absence in the part of 
South Travancore I had the pleasure of exploring. I came across no sign of 
any mineral industry, exoept the preparation of sea-salt in the pans near Kolachel, 
and traces of an old iron smelling industry carried on formerly at foot of the now 
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bare and ro <*y WBfeeiut end north-eaat o£ Myladdy and some 7 miles north-weirt- 
by-north of 0«p* Oiranrin* Judging from #* large qaas)t% of iron slag here 
remaining, the smelting industry muxt hav* been m important one for native 
workmen. I could get no information about jton the apot, I met with no existing 
iron smelting industry in the villages I trarened, probably because of the absence of 
rich supplies of iron ores. The supply of beautiful building stone is practically unn 
limited, but not much use seem te have beea znadsof it. Trav&ncore arohiteota 
seeming to prefer the use of wood, chief liM atone buildings are tbeeitaumva 
fortifications erected to bar the way i*t* tibe <x*iS hry from the eastward, god know# , 
as the Travanoore lines. They are moUtij r Wh of gneiss Wattakotai pert already 
referred to being a very fine example *ef ejjiiswt welLctt masonry. At the 
extreme south end of the lines, where they ahj* on these* near Cap# Comorin, 
blocks of the marine sandstone have been employed in the walls to sribe extent, 
but Have been much affected by weathering. The old fort at Udagfin (Oodagerry) 
is another extensive stone building. * 

Of the temples, which are usually fine specimens of stone work in South India, 

I have nothing to say. Non-Hindus may not approach them for fear of rouBiity| 
the fury of the ultra-bigoted Brahmans, who unfortunately retain far too much 
power in Travanoore, and exercise it to the detriment of the country generally. 

Some of the hard sandstones of the Warkilli series have been used for build* 
iug to a limited extent, and I noticed not far from Puar a good example, perfectly 
new, of a stone cattle-trough cut out of homogeneous pale, purple and white, hard 
lithomarge of very jaspideous appearance. I did not see a similar rock in situ, 
but it evidently came from some bed belonging to the Warkilli series. 


Some notes on the Geology of Chamba by Colonel C. A. McMahon, 3F.GKS. 

I propose, in the present paper, to give the results of some tours in the moun- 
tains adjoining Chamba, in continuation of my papers “on the geology of 
Dalhousie,” and M on the seotion from Dalhonsie to P&ngi ” ; and I pre-suppose, 
on the part of the reader, a knowledge of the facts recorded in those papers. 

In the first instance, I shall ask the reader to accompany me from Basaoli, 
over the B&njal (Banjil) and Ohattar Dh&r passes, to BhadarwAr (Badrawar). 

Leaving Basaoli, the Siwaliks continue with a steady N.-E. 5° E. dip all 
the way to Bhond (Pood). About half-way to the latter village, the coarse 
conglomerates of this series give way to red clays and massive sandstones, which 
in their turn are succeeded, near Bhond, by a fine-grained conglomerate, corre- 
sponding to the topmost Siwalik beds of the Danera-Dalhousie section. 

At Bhond, the Siwaliks dip under indurated red clays and fine-graincA 
an.T^i l gfcriTU Mi of dark-grey colour. Both the clays and the sandstones are full off 
fine specks of a silvery mica. These rooks, I presume, represent the Dagshai and 
Kajm.nH groups of the Sirmur series. They dip N. 11° E., and extend as far st 
Seloo. 

These beds are followed by a massive quartzite of whitish colour, dipping ea*t 
and then by the slates and limestones of the oarbo-fcriaasic series, which have ah* 
an easterly dip. The limestones are the ribbed variety previously described, and 
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they continue to the top of the B&njal pass, the elevation of which is, according to 
my aneroid barometer, 6,325 feet above the sea. At the top of the pass the rooks 
dip S.-W. 11° S., but the dip is high and nearly vertical. The carboniferous 
slates become very black as the gneiss is neared. 

About 2 miles below the top of the pass, on the northern side, the first out- 
crop of gneiss appears. The rock, as seen in this section, is a thoroughly crys- 
talline gneiss, but it is never granitoid. Its dip is nearly perpendicular. The 
gneiss continues down to the Sewa river, — the river that flows from the Chattar 
DE&r into the Ravi, — and as the stream is approached the dip becomes more 
moderate. 

On the descent to the Sewa there is a bed or dyke of fissile trap, about 20 
feet wide, in the gneiss. It appears to be a decomposed diabase. It is of greenish- 
grey colour and its specific gravity is 2*95. Under the blowpipe it fuses readily 
to a black magnetic bead. The microscope reveals pieces of still unaltered 
angite here and there. Felspar may be traced in it, but it is greatly altered. 
A banded, or pseudo-foliated appearance, observable in this rock, is due probably 
to the infiltration of water along lines of cleavage due to traction or pressure. 
Along these lines minute granules of quartz — some of them of elongated form — 
are visible. This mineral is doubtless a secondary product. The quartz does 
not contain any fluid cavities which are very abundant in the quartz of ,the 
gneiss. 

At the point where the road strikes the Sewa, the gneiss is succeeded by 
blue, micaceous slate, and as Bani is neared, the dip of the strata reverts to 
N. 11° W. The schistose rocks are of a type commonly seen in the neighbour- 
hood of Dalhousie (as, for instance, on the road to Chudri), crumbling to a soft 
bluish-white powder, suggestive of french-chalk. 

The outer band of gneiss is, in this section, some thousands of feet thick. 

I observed no outcrop of the trappean zone in this section ; it has apparently 
either thinned out, or has been cut off by a fault. 

Schistose rocks, dipping N.-E. 15° N., all of which could be matched iu the 
Dalhousie area, continue from Bani to Loong, where the “ central gneiss ” crops 
out on the right bank of the Sewa. It runs thence in a nearly straight line, 
following the direction' of the river and keeping on the right bank through 
Chunchli (Chounchli), and crosses the Sewa some distance above the last-named 
village. 

At first the slates, in contact with the “central gneiss,” dipped E. 11° N. 
away from the granitic rook, but afterwards they became perpendicular. 

The granitoid gneiss here is a porphyritic and perfectly granitic rock, much 
traversed by joints, but I could not make out any bedding. At one place I 
noticed that it had intruded between the bedding of the slates. It continues for 
some miles, when the slates re-appe&r, dipping N.-E. 11° E. away from the 
granite. The road, from this point, runs, almost along the boundary of the 
granite and slates, up to the top of the pass (elevation 9,650'). The granite is 
never far from the road, on the right bank of the stream ; whilst the slates are 
Been on the left bank all the way up. 

The granitoid gneiss continues to be seen on the left of the road for about 
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2J miles down the hAb& tide of the pass. From this point the slates continue 
down to BhadarwAr. The dip remains unchanged. 

The Kund KaplAs (Koond Kaplas), in many respects, seem! to be an analogue 
of the Ghor mountain of the Simla area. It is 14,241 feet high, the elevation 
of the Ohor being 11,982 feet ; and like the Chor it abuts on the plains ^ appeals 
to be formed of “ central gneiss/* It will be seen from the observations made on 
this tour, that the “ central gneiss n suddenly expands to a great width of outcrop 
as the “ Kund KapUs ” is neared. 

My route now leads back over the Padrii pass. The rooks seen en route are 
slates, and on the ascent of the pass they are quite typical “ Simla slates 
dip, N-E. 5° N. 

About two-thirds of the way between Thanala (Tenala) and the top of the 
pass (elevation of top 9,7000, 1 encountered my eld friend, the “Bla&i conglo- 
merate.” It is quite typically developed, and the detailed description given of 
it in my paper on the Dalhousie and PAngi section applies equally well to the 
rock seen in this section. On the conglomerate there rests, 975 feet below the 
summit of the pass, about 50 or 60 feet of pale-blue limestone. Above the 
limestones slates re-appear. 

On the descent of the pass, going east, the slates are vertical, or nearly so, 
having a very high dip, sometimes in the normal, or north-easterly direction, 
and sometimes in the reverse direction. This variable underlie prevails, along 
the line of strike, in an easterly direction, as far, at any rate, as Manjir. 

The conglomerate re-appears on the road side, about half a mile below the top 
of the pass. It runs thence to near Langera (Langaira), almost in a line with 
the road, cropping up on the road side more than once. Near Langera the out- 
crop is of great thickness. 

Where the road, near Langera, descends to within a few yards of the river, the 
conglomerate contains a boulder of granitoid gneiss 1' 3" long. Mr. Lydekker 
has already noted the presence of granitoid gneiss 9 boulders in the slatos of 
the PAngi-Lahoul valley ; and the discovery of a similar boulder in the Silurian 
conglomerate, on this side of the snowy range, is interesting and important. 

I saw numerous blocks of pale-blue limestone, weathering buff, in the vicinity 
of the conglomerate, between the top of the pass and BhAndal (Baundal), but 
I doubt if any of them were in situ. They probably indicate the presence of 
the carbo-tftassio series in the mountains which bound the north-eastern side of 
the Siul* valley. 

The conglomerate continues in the same general direction as the river the 
whole way to BhAndal. I counted ten outcrops of it, in situ, on the road side, 
between Langera and BhAndal. Some of these outcrops run with the road for 
a considerable distance. 

1 This word ii not Pddri, but Padri, which mean* flat. 

• The presence of granite, or syenite, hoolders in the conglomerate at Gttrais, in Kashmir, is 
also noted by Hr. Lydekker at p. 24, Vol. XII, Records. 

• Kundi Mardl (Kandi Marl), the name entered on the map, is not the name of the valley, as 
one would suppose, or the name of the river that runs through it, hot the name of an encamping 
ground, where the peg to whioh a Raja's horse was tied is said to have grown miraculously into a 
big tree. Hence the name. 
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A calcareous band (weathering buff l ) crops out about 4 tidies to the S.-B, of 
Prangal (Prangli), and re-appears several times afterwards. 

To the east of Bh&ndal the conglomerate runs with the road for some 
distance. 

It will, perhaps, conduce to clearness, if I note in this place the several out- 
crops of this rock which I have, up to date, noted along the line of its strike in 
an easterly direction. On the ascent of the ridge between Dihur (Duire) and 
Manjir, the conglomerate crops out on the road side, and, crossing the ridge with 
the road, descends to the river between Manjir and Kandla. 

In my paper on the Dalhonsie and Phngi section, I did not note the occurrence 
of the conglomerate on the left bank of the river to the east of Manjir, as, owing 
probably to the predominance of vegetation, I did not see any outcrop in situ; 
but the conglomerate, I doubt not, in its eastward extension, passes somewhere 
in the neighbourhood of Before. 

I came across another good outcrop of the rock in the mouth of the Hulh 
(Hul) valley, (immediately north of Chamba), between the villages of Baroar and 
OhambL Proceeding eastwards from Chamba up the Ravi river, the conglomerate 
again appears on the road ride at the bend of the river, a little to the east of Gun 
(Guar). It continues thence in a nearly straight line to Ghitr&li (Chitralri) 
and Sowala, and curving round above Naukula, it passes a little above Aulansa 
(Hulans), and thence a little to the north of Grima, onwards through Suchsi 
and Bauri (near Barmaor) to Foulda and Kund. 

I have noted numerous outcrops along the line indicated, but it Beams needless 
to describe them in detail. The country beta r een the outorops near Manjir and 
in the Hulh valley, and between the latter and Gun on the Ravi, I have not yet 
explored. I have, also, not been to the east of Harser, as the route I followed 
took me towards the sacred lake of Man Mhaish (Manimais). 

It is interesting to note the continuous outcrop of the upper-silurian con- 
glomerate along a line parallel to the granitoid gneiss, as it confirms the conclu- 
sion previously arrived at, that we have in the Dalhousie-Ohamba section a 
normal sequence of Silurian rocks resting on the granitoid gneiss. 

Between Chamba and Danoho the dip is north-easterly. Hear Harser, the 
dip, which had previously been moderate, becomes vertical, but between Hamer 
and Danoho it again subsides into a N. £. dip. 

Between Chamba and Mahila (Mails), the granitoid gneiss crossed to the right 
bank of the Ravi, at the bend of the river under Tandola, re-crossing to the left 
bank near Bauia. It passes to the right bank, again, beyond Bania, and then 
continuing its course under Dalgara and above Korauh, it finally leaves the river 
near Mahila. 

At the junction of the granitoid gneiss and the slates, the former is granitic 
and the latter is indurated, and sometimes silioious and massive. Under Dan- 
gers (Dalgara), near the junction of the two rooks, the slates are contorted, and 
there is a sudden reversal of dip, with more or less local faulting* At the actual 

3 Blue limestones, weathering buff, is a peculiarity which appears to be common to several 
bands of the carbo-triaasio series and the Btydul limestone. It does not help to distinguish the 
two series. 
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junction the dip of the dates ii normal. The pUm* of division between the 
schistose states end the gvanitoid gneiss is not sharp, but the granitoid gutim 
appears to be Mended into the slates by imperfect intrusion. 

I now ask the reader to return with to Chamba, and aecompeny me is 
the Hulh valley. 

Up to the ontorop of the conglomerate, between Bantnr and Cfimmbi, the 
rocks are Silurians and the dip normal After Ghambi, the path (there is no 
made road, and consequently no good *oad*side actions) lies along a fertile and - 
well-wooded valley. Vegetation is rich,**! reeks, m rfftt, are only to be seen 
here and there. I saw no outcrop of notation* 

A litt|e to the north of Hulh, 1 came Upon Wap resembling the Dalhoasie rock, 
and it extended to about the level of Bhafoth (BMe). Asl am not, a* present, 
sure whether this outcrop of trap occurs to the north or to the south of the corbo- 
triassio series seen in force south of Kalel (KaJaQ), on the Ghamba and Tim road, 

I reserve further remarks on this section until 1 can explore the mountains found 
the Bundhuxst station. 

My route now lay up the Hulh valley, over the high ridge at its head, and 
thence down to Kalel. 1 was able to trace the boundary of the carbo-triaasic aeries 
and the conglomerate. The latter runs a little to the north of Sftfeu, and o on- 
tinues parallel to the river, striking towards the ridge that terminates at the 
bifurcation of the stream. Numerous Mocks of typical conglomerate fill the bed 
of the stream. 

The section from Kalel to Tikri has been already described. My route now 
lay from Tikri to Himgiri (Himgir), and thenoe round the Himgiri station to 
Digi and Dihur, and back along the river to Himgiri. The rooks about 
Tikri are Silurians — micaceous schistose rooks, crumbling to a whitish soapy 
powder. 

The northern boundary of the conglomerates runs a little south of Tikn (not 
the village above alluded to, but another village of the same name under Himgin), 
and th ence to Laura towards the Himgiri station, which it leaves a little on its 
right. The southern boundary of the conglomerate crosses the ridge west of 
Kalel at Dhar, and continues thence up the Gulel (Gulail) valley. I met with 
typical outcrops of the rook on the ridge east of Bila (under the Himgin sta- 
tion), and again along the ridge above Gulel. I found another good outcrop on 
the ridge between Gulel and Tiloga. 

The dip is nor mal ^*<1 Himgiri is neared, when a S..S.-W, dipsets in. 
To the west of Himgiri, this changes to a S.-W. 11° W. dip, and then become* 
nearly per pendicular . Beyond the dip reverts to the N-B, Further on, 
it becomes high and wavers occasionally to the south-west, but eventually 
settles down to a N-E. dip. 

In contact with the conglomerate, a trap, similar in its general appearance 1 
to theDalhousie rock, crops up along the ridge dividing the Gulel from the 
Tiloga valley. The outcrop is of considerable thickness, and in its S -W. extension 

1 1 have not ts yot emnined thin slice* of it under the microscope. 
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it dominates the ridge running down to Dihur, in the neighbourhood of whieh 
village it either dies out or is cut off by a fault. The outcrop appears to widen in 
its northerly extension, and it is evidently present in force along the high ridge 
17. E. of Bhandal, the streams flowing down from whioh are full of boulders of 
trap. The western boundary of the trap runs a little to the east of the villages 
of Tiloga, Baroga, Kalsara, and Ghikotra. 

Following the road from Dihur to Himgiri, I found that where the road 
crosses it the outcrop is still of considerable width. It crops out at no great 
distance from Dihur, and extends to near the village of Dalui. On following a 
low-level path, near the river, as far as the stream to the north of Banjwar, 
however, I found that the trap does not extend as far east as this village. 

Along the south-western boundary of the trap, the latter is in sharp contact 
with the limestones of the carbo-triassio series. This is well seen on the road 
leading from Dihur to Himgiri, where the limestones, which dip about N. N. 
E., are in great force. Both the trap and the limestones are typically deve- 
loped, and the latter do not appear to he at all altered at their junction with 
the trap. 

The limestone series is also well seen along the crest of the ridge north of 
Manjir. It crops out a little south of Nandla, and extends as far as Dhar. The 
dip, which is variable when the limestones first appear on the crest of the ridge* 
soon settles down to a N.-E, 5° N. dip. Some of the limestones are pale-blue, 
some creamy-white, and a few are of a deep dark-blue colour. Some of them 
weather to a rusty buff. I saw numerous blocks of limestone along this ridge 
crowded with crinoid stems, but I did not observe any in situ. 

In connection with the trap above described, a variety bccurs, which I 
have not observed elsewhere in the Himalayas, but which probably represents 
the porphyritic trap of Kashmir described by Mr. Lydekker. It is a felspar 
porphyry, an intensely hard rock ; so hard that it was with extreme difficulty 
that I could obtain hand specimens of it. Boulders of it are brought down by 
the stream from the ridge N. E. of Bh&ndal, together with boulders of the 
ordinary variety of the trap. I have not yet seen it m situ . 

Conclusion . — The observations made this season confirm the conclusion pre- 
viously arrived at, that we have, in the Dalhousie-Chamba section, a normal 
sequence of Silurian rocks resting on the “central gneiss.” The “ Blaini ” con- 
glomerate (upper-silurian) and the “ Simla slates,” of the Simla region, are 
both represented in Dalhousie-Chamba area ; the conglomerate cropping out in 
a continuous line parallel to the granitoid gneiss. 

The upper-silurian conglomerate is followed, in the BMndal-Dihur region, 
by the carbo-triassic series, resting apparently conformably on it ; but if the 
view taken of the age of the trap in the Dalhousie area in my paper on the 
geology of that region is sound, the boundary between the two series must really 
be a faulted one. The thinness of the conglomerates on the south side of the 
carbo-triassio limestones, as compared with their great development qn the northern 
side of the limestone outcrop, is a fact which, to some extent, favours the fault 
hypothesis. 
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In the Bhlndal-Di H&t Area, under consideration, the carbo-triassio limestones 
are followed by imp, And the latter by the upper-silurian conglomerate and a 
normal sequence of siluriqn rooks in inverse order. 

In the Dalhousie area, the trap comes in between the carbo-triassic serfs* 
and the tertiary rooks. In the Bh&ndal-Dihnr area, it comes in between the 
carbo-triassic series and the upper-silurian conglomerate. 

In my paper on the geology of Dalhousie, I adopted the hypothesis that the 
trap is of upper-silurian or pre-oaifconiferotm age. I see nothing in the farfe 
recorded in this paper inconsistent with tbit hypothesis. Indeed, I may say that 
when I formed my views regarding the age of the trap. I ,had distinctly before 
my mind’s eye the possibility that trap might be found in the Bh&ndul-Dihur 
area, where I have since found it. I thought this possible from the fact that 
the Siul river under Manjir is fnll of trap boulders. 

In both the Dalhonsie and the Bhfndal-Dftiur areas the trap is found in con- 
tact with the carbo-triassio series ; whilst in the latter section, it is in sharp 
contact with the upper-silurian conglomerate on the one side, and the carbo- 
triassic limestones on the other. 

The fact that, in the Bh&ndal-Dihur section, the trap does not occur between 
the carbo-triassic series and the upper-silurian conglomerate, on both sides of the 
limestone outcrop, may I think be explained by the hypothesis of a fault between 
the limestones and the southern outcrop of the conglomerate. 

The Bh&ndal-Dihur section, from the granitoid gneiss, south of Bh&ndal, to 
the lower-silurians, north of Bh&ndal, seems to me to be a crushed synclinal 
fold, complicated with faulting. That there is a fault somewhere seems self- 
evident. Whether the trap is of pre-car boniferous or of post-carboniferous age ; 
in either ckse there must be a fault between it and the upper-silurian conglome- 
rate. 

The simplest mode of explaining the section, it seems to me, is to put a fault 
between the southern boundary of the limestone outcrop and the southern outcrop 
of the conglomerates; we should then have a normal ascending series of rooks from 
the “ central gneiss ,f to the upper-silurian conglomerate, and a descending series 
of rooks from the carbo-traissic limestones to the lower-silurian schists. In 
short, I believe that we have in this section a crushed synclinal fold, with a fault 
along its axis, the compression of the folded strata having been great enough .to 
produce a general conformity of dip. 

In the Hulh section, I have some grounds for suspecting that the trap occurs 
between the southern outcrop of the conglomerate and the carbo-triassic lime- 
stones ; but should this surmise prove correct, the point is immaterial as far as 
the hypothesis above propounded is concerned. 

The observations made this season show that the outcrops of trap are not 
continuous ; but whether this is due to faulting or to thinning out, I am not at 
present in a position to say. Either supposition seems equally probable. 

The discovery of a boulder of granitoid gneiss in the upper-silurian conglome- 
rate of the Bh&ndal region, taken in connection with the discovery by Mr* Lydekker 
of wmiUr granitoid gneiss boulders in the Silurian slates of the P&ngi-Lahonl 
area, is another indication of the connection between the rocks of the two regions 



42 Records of Ike Otclofieal Survey of /wit a, xn. 

\ 

and, on the supposition that the granitoid gneiss boulders were derived item the 
“ central gneiss,' 1 which Hr. Lydekker apparently does not now doubt 1 , the 
fact supports the conclusion I arrived at for the Simla area, that a hidden 
unconformity exists between the Silurian and the “ central gneiss 99 series* A 
similar conclusion was drawn by Hr. Lydekk er in his fifth paper on the geology 
of Kashmir.* 


On the Basalts of Bombay, by Coloubl 0. A. McMahox, F. Or. S. 

(with two plates). 

During my last visit to Bombay, I made a carefully selected collection of 
typical specimens of the lavas exposed at different parts of the island, and I 
have since studied thin slices of them under the microscope. 

I think it will be worth while to give a brief description of these ; partly as 
the first contribution towards a better knowledge of the Deccan traps, regard- 
ing which our petrological information is at present very deficient ; and partly 
because the' description of the very typical lavas of Bombay may be useful 
as a standard with which to compare more doubtful basic igneous rocks in other 
parts of India. 

I arranged the specimens which 1 am about to describe with sole reference 
to their colour. They range from iron black through less and less dark shades 
of grey to a greenish-grey colour. 

In specific gravity the specimens vary very little, ranging from 2*80 to 
2'85, their average being 2'82. They are all remarkable for the absence of 
olivine. Augite, plagioclase, and magnetite are present in each slice. All contain 
a few ciystals of sanidine, but it occupies an extremely subordinate position. 

No. 1.— A dark-grey, almost black , compact rock . Sp. G. 2*82. 

M.* — This slice consists of a net- work of very small felspar prisms, and minu te 
granules of augite, starred about in a partially devitrified glassy base, with 
moderately large crystals of felspar and augite sparsely scattered through it. 
The base is brownish-green, dappled with white, in reflected light, and olive-green 
in transmitted light. The white opaque material is, I think, leucoxene, a 
secondary product resulting from the decomposition of ilmenite, though in the 
particular slice there is no direct evidence of its connection with that mineral. 

The felspar prisms, for the most part, present very sharp outlines, and the 
great majority of them are seen to be tridinic. They contain numerous glass 
cavities, many of which have fixed bubbles. Some of these glass enclosures are 
elongated, others are in rounded forms. The presence of such cavities is con- 
sidered by Dr. Sorby to indicate the true volcanio origin of the rock containing 
them (Q. J. G. S. XXXVI, 49, 53). In one of the prisms, the glass enclosures 
have ranged themselves roughly in a zone conforming to the shape of the prism. 
Other prisms oontain portions of the glassy base caught up in them: 

1 RMords, XIV. 48. • /». 

1 In this and following papers M stands for microscopic aspect. 
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Angite wyitals aw extawnely abundant, sad most of them am of my mimfe 
sue. Among the Iwger crystals twinning is oornmon, ud some ate well shaped. 
In transmitted light the. an git®* exhibit a faint tint Tarring from grensiah- 
yellow to yellowish-brown, hat so faint as to be almost white. This is the pm- 
dominant colour of the angite in all the slices. 

The augite and felspar appear, on the whole, to have crystallised at the gam e 
time, though some individuals have formed before the others. In fig. J, 
plate II, I have given a sketch of a couple of angite crystals of irregular shape* 
joined together in a manner suggestive of thinning, which have foraged round 
a felspar prism; whilst in fig. 2, plate tl, I have depicted a group Of trielinio 
felspar prisms, which have formed upon, and partially enclosed, a cracked 
angite crystal. 

The angite and felspar in this slioe era remarkably fresh. This is a charac- 
teristic of the angite in all the Bombay slices. 

Magnetite is present in some abundance, both in regular shaped ctyBMhd* and 
in the skeleton forms described in my paper on the Darang traps. Soma titanic 
iron (ilmenite) appears to be also present. 

In fig. 1, plate I, I have given a sketch of a portion of this slioe, as seen in 
the field of the microscope, under a magnifying power of 60 diameters. The 
outline of the felspar crystals is generally sharp,*— an indication I think that the 
lava was in a very fluid condition. Towards the centre of the field a rather large 
angite crystal is represented. On three sides the prismatic faces may be traced, 
though they are not well depicted ; whilst the crystal may be seen to be traversed 
by rather irregular prismatic cleavage lines. Cracks are sometimes of use and 
furnish indications, in a general way, of the direction of the cleavage. A large 
crack in the crystal under consideration affords an illustration of this. For 
some distance it follows the direction of one set of cleavage lines, and then 
changing its course follows tho direction of the second set, which crosses the first 
at an angle (87° 5') approximating that of a right angle. 

A crack traverses the slioe and appears to have been filled up by an 
exfiltration process ; the material it contains being cryptocrystallme. 

2Yb. 2. A compact , dark-grey, almost black rock , closely resembling the last 

Sp. G. 2-82. 

Under the pocket lens it has a somewhat vitreous lustre, and small facets of 

felspar are to be seen in it here and there. 

M*— This slice is so like the last one that it hardly requires a separate descrip- 
tion. The glassy base is whitish in reflected, and brown m transmitted light* 
Here and there it has been altered to a dull olive-green substance, which, whan 
a single aiool only is used, transmits little light. In places it is stained brown- 
yellow to orange colour, -a result doubtless of the decomposition of magnetite* 

Felspar is even more abundant than in the last slice; and here and there crys- 
tals of it are of comparatively large sise. Glass and stone cavities are common 
in the felspar, but I discovered no bubbles in them. 

Augite is fairly abundant. Its shape is irregular, but twinning is Common* 
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Magnetite is very abundant, both in regular crystals and in skeleton forms in 
the glassy base. In jhe latter, as in the case of the augite in the pitohstones of 
Arran 1 , the crystallization of the magnetite has resulted in a soft of halo being 
formed round the crystals, — the latter having in the act of crystallization drawn 
the colouring matter out of the base, leaving a comparatively colourless glass in 
their immediate vicinity. 

No. 3. — A dark-grey, almost black , compact rock. Sp. G. 2‘83. 

M. — This slice consists of a profusion of augite, felspat, and magnetite crys- 
tals, scattered about in a glassy base. 

The magnetite crystals are of good size, and are fairly well formed. The 
felspar and augite crystals are of two sizes ; in the case of both minerals the 
majority are of small size (the augites being very minute) ; whilst here and 
there are others of comparatively large size. The majority of the felspar prisms 
are distinctly triclinic. Many of the augites are twinned. 

Stellate groups of felspar, similar to those described in my paper on the 
Darang traps*, are to be met with in all the Bombay slices. One of them from 
this specimen is shown in fig. 3, plate II, and another from No. 8 is given in 
fig. 10, plate II. The latter, which is quite accurately drawn, looks like a cross 
seen in part profile. 

In my paper on the Darang traps I noted how crystals are often cramped at 
the time of their formation by adjoining crystals. . In fig. 4, plate II, I have 
sketched a twinned augite which has attempted to crystallize in the midst of a 
perfect barricade of felspar prisms, and its outward symmetry of form has con- 
sequently suffered considerably. In such cases, however, though the external 
shape is deformed, the plane of twinning almost invariably exhibits a rigid 
straight line, and the internal symmetry, on which the optical properties of the 
mineral depends, sustains no injury. 

In J. D. Danas' Manual of Mineralogy (1873), p. 152, augite crystals are said 
to be “ usually stout and thiok, and none have the slender bladed form common with 
hornblende." In lavas, however, as seen under the microsoope, augite crystals 
sometimes take the form of acicular microliths, and not unfrequently assume the 
form of elongated prisms. A prism of this character occurs in the slice under con- 
sideration, and is represented in fig. 5, plate II. ; (a) (d) is a long prism of augite 
which has grown up side by side with one of triclinic felspar. From (c) to (d) the 
augite is twinned, the twinning plane running with the length of the prism 
From (c) to (a) the prism is made up of a crystal not in optical continuity with 
either of the twins below it. The augite in the course of its formation has 
enclosed the ends of small felspar prisms, which may be seen sticking, like 
parasites, into its side. The adjoining felspar prism appears to have grown tran- 
quilly by the side of the augite up to (5), when the supply of felspathie material 
appears to have been less plentiful than that of the constituents of the augite 
and magnetite (three crystals of which are indicated at this point), and its 

1 Allport. Geological Magazine, Vol. IX, p. 2* 

• Bupm, Vol. XV, p. 156. 
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symmetry was greatly marred by the intervention of crystals of augite and 
magnetite (6). Tbe ill-ehaped felspar at tbe top (Bee sketch) is no, doubt a 
portion, or what ought to have been a portion* of the prism seen beta*. The 
molecules of felspathio matter did their best, I take it, to keep the alignment of 
the felspar prism, and they are in optical continuity with it, but the augite and 
magnetite crystals got in the way, and the shape of the felspar prism wa* marred. 

This, and the previously noted illustrations, will, 1 think, enable us to under- 
stand how the external symmetry, and the regular development of crystals in m 
igneous rook, are seriously interfered with by the contemporaneous formation of 
other minerals in close proximity to them, or by the presence and pressure of 
previously formed crystals. 


No, 4 . — A dark-grey compact rock. 6p. GK 2*82. 

M. — The felspar and augite crystals are set in a glassy base, which is sufficiently 
abundant to entitle the rock to be classed as a magma basalt. The base is, for 
the most part, of light Vandyke-brown colour, but is here and tliere altered to a 
subs tanc e olive-green in transmitted light. The base is crowded with mioroliths 
of magnetite in its rod-like form ; it occurs also in large and rather well-shaped 
crystals and as a fringe round augite. 

Almost all the felspar is visibly triclinio, and radiating groups are common, 

Augite is very abundant, and very fresh, but its outward shape is rarely good 
and never perfect. Twinning is common, and the intersection of the prismatic 
cloavage lines is sometimes well seen. 

In fig. 2, plate I, I have given a representation of a portion of this slice. Some 
of the felspar crystals therein figured present sharp and characteristic outlines ; 
others ^ go-iTi are very irregular. On the right hand of the illustration, two 
augite crystals are seen embracing two curiously shaped crystals of felspar. To 
the left also a large block, formed of a congeries of shapeless augite crystals, has 
more or less enclosed a radiating group of very irregularly shaped masses of felspar. 1 
The partial enclosure of felspar by augite is very common in these slices, especi- 
ally in t he one under consideration. This, and the enclosure of augite by felspar 
noted in connection with slice No. 1, seems to indicate that the lava was at first 
in a very fluid state, in which free molecular action was possible ; but that it cooled 
with such rapidity that the minerals were unable to disengage themselves from 
■each other, and their crystallization was arrested before the symmetry of their 
external form was complete. Small peculiarities of structure of this hind are, 
I thinly of value. The volcanic origin of the Bombay basalts being we known, 
structural characters observed in them may aid us to interpret rooks of more 


doubtful character in other regions. 

Professor Geflrie, in his paper on the Carboniferous Volcanic Books of e 
Basin of the Firth of Forth,' has described similar instances of felspar prisms 

1 Some of these seem to appsoacb thee - complex /shaped br**ke*» which Dr. So^ 
describe as forming the terminations of felspar prisms in ^cially^melted rocki, ***** 
met with In a natural rook from a dyke near Beaumaris. Opening address, Geology Section of the 
British Association, 1880, 

* Transactions, Roy. Soo* Edinburgh, Vol XXIX, p. 487. 
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“ shooting ” through crystals of augite, land severing the augite into two parts in 
suoh a way that “ not uncommonly it might be supposed to have been penetrated 
across its figure by intrusive prisms of felspar an appearance which Professor 
Geikie attributes to augite having “ formed round and enclosed the already com- 
pleted net-work of triolinio felspar prisms. 1 ’ 

These partial enclosures of the one mineral by the other are described as 
occurring in the rooks which he classes as diabases and dolerites. The latter 
tprm he proposes to restrict to intrusive* sheets and dykes which consolidated 
beneath the ground, retaining the word * basalt’ for interbedded augitio lavas 
which consolidated at the surface. 

It is to be noted, however, that a glassy base does not appear to be entirely 
absent from either Professor Geikie’s diabases or dolerites ; and although I do 
not intend to infer from the preceding remarks that the intersection of small or 
moderate-sized crystals of augite by prisms of felspar, or of felspar prisms by 
augite, is an exclusive characteristic of rocks which have consolidated at the 
surface Of the earth’s crust; or that it would enable us to distinguish the latter 
from intrusive sheets or dykes ; still, it is a structural pecu liari ty of basic vol- 
canic rocks which is worth noting, and it may help us to distinguish basic lavas 
from basic plutonic rocks. Acid igneous rooks have characteristic features of 
their own. 

The slice under consideration is of larger grain than any of th e preceding 
ones. 


No. 5. — A dark-grey compact rock. Sp. G. 2*83. 

M. — This is a very fine-grained rook, and so closely resembles those first 
described that a detailed account of it is not neoessary. The magnetite is well 
formed. The augite is for the most part very small, and twinning is common 
in the larger crystals. 

At fig. 6, plate II, I have sketched an illustration of the way the forma- 
tion of minerals went on side by side, in these Bombay basalts, at almost the 
same time. The illustration represents a crystal of magnetite and two oryittls 
of augite. The growth of the lower augite and that of the magnetite appears 
to have gone on side by side, and, at first, at very much the same pace. The 
magnetite then gained on the augite and finally partially surrounded it. The 
formation of the seoond augite then began and went on so rapidly that it 
enclosed a portion of the magnetite in its embrace. 

No. 6 . — A perfectly compact dark-grey rock with a dull green tint in it. It weo-& 
there brown. Sp. G. 2*80. 

VL — This is a fine-grained magma basalt. The base consists of a brown 
glass, here and there converted into a green amorphous substance. Augite crys- 
tals are pbundant in this slice. Most of them are Very minute, and, in polarised 
light with crossed niools, they stand out from the black background like atari 
on a dear night. Some are of fairly large size. Twinning is common, a 
few of the augites are well shaped. 
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Felspar is ebudatt and is ohiefly in small prisms. Most of it give* 
decided evidence of belonging to the triclinio system. 

Magnetite is for the most part well shaped and of good size, bat it is also to 
be seen in elongated stalk-like mioroliths in the glassy base. 

Fig. 7, plate II, is an illustration taken from this slioe showing the way 
minerals, in the process of crystallisation, oatoh up, enclose, and become entan. 
gled with other minerals. An augite crystal is there seen to have enclosed 
several crystals of magnetite, and to have partially surrounded crystals of tri- 
clinio felspar 5 whilst other crystals of magnetite have formed on it. 

The mierosoope enables one to understand how it is that the chemical analy- 
sis of minerals often yields such divergent results. Fig. 7, will, I think, 
suggest the explanation of how this takes place. 

No. 7. — A compact gr&enuk+gtey seek. Sp. G. 2*85. 

M. — The grain is larger than that df the preceding slices. Augite is abun- 
dant. Muob of the felspar exhibits tl#twinning peculiar to triclinio felspar, and 
is in characteristic prisms. Felspar also occurs in large crystals and in shapeless 
masses, some of which are certainly sanidine. 

The glassy base is of green colour. Here and there minute portions of it 
have been converted into delessite, and the whole of it is more or less ohanged. 
The rock is passing into the condition of the Dorang traps (I. c.). In these 
slices, however, the glassy base can still be distinctly recognised as such. Very 
little magnetite is left in the rook. 

At fig. 3, plate I, I have given a sketch of a portion of this slioe. The 
very dark portion is the glassy base. The less dark portion is augite^ and the 
white is felspar. 

At fig. 9, plate II, I have sketched a group of augite crystals in polarised 
light under crossed nicols. It is impossible, in simple black and white, to indi- 
cate the various colours in which the crystals polarise ; but the different shades 
of black will, perhaps, suffice to show the want of optical continuity between the 
different members of the group. The two small crystals at the upper left hand 
are seen to be twinned, the twinning plane being a sharp straight line, and the 
two halves of eaoh twin polarising in complimentary colours. The others are 
crystals of different sizes and of very irregular shape. The various crystals of 
which this and similar groups are composed, began to crystallize, apparently, 
much about the same time from independent centres, and from want of space 
interfered with each other’s growth and development. One micro-augite is 
enclosed in a large crystal, whilst another augite contains a gas bubble. . 

The group appears to have been rapidly formed, for along the upper margin 
a tongue of the glassy base (a) is partially enclosed in it. 

I have depicted another characteristic group in fig. 8, plate II, taken from slioe 
No. 10. One augite crystal, at the right hand, is seen to be nearly snrronnded 
by a larger crystal of the same mineral. The shapes of all the members of the 
group are very irregular, and they have evidently interfered seriously with eaoh 
other’s development. The finishing off of the group has been hurried in its last 
stages, as along the outer margin ft zone of cavities is to be seen,—* pot 



48 


Records of the Geological Survey of India . [vol. xvr. 

uncommon feature in the angite of volcanic rocks. These o&vities, the irreg ula r 
shapes of the crystals, and the confused association of imperfectly formed augites, 
are, I think, indications of the rapidity with which the rock cooled. 

The large felspar crystals are not at all homogeneous in their internal struc- 
ture, and they enclose irregular- shaped augite crystals and patches of viridite. 

No. 8.— * A greenish compact rock . Sp. G. 2*4. 

M. — This slice very much resembles the last. The glassy base has been 
converted into a greenish substance which contains in it minute embryonic 
crystals of epidote. Alteration has been set up in the felspars. Magnetite is 
not abundant, and is mostly in skeleton fonus. 

No. 9 . — A greenish-grey compact rode. Sp. G. 2*85. 

M. — In this slice augite is very abundant. The glassy base is still recog- 
nisable, but it has passed into an alteration product, olive green in transmitted 
light, which is in part, at any rate, delqpite. A radiating structure is often 
apparent in it, and all of it is feebly dichroic when the polariser alone is used. 

This slice contains a good many sanidine prisms exhibiting the simple 
twinning of the Carlsbad type, but they are quite subordinate to the plagioclase. 

In one case water has clearly gained access to the rock, and a thin undulating 
ring of quartz has been left behind to mark its passage. 

Augite crystals often partially enclose crystals of felspars, and felspars occa- 
sionally enclose fragments of the glassy base. 

No. 10. — A grey compact rode . Sp. G. 2-81. 

M. — The glAssy base is still to be seen here and there, but in most cases it 
has been replaced by delessite, and in a few cases by chalcedony. It gives dear 
evidence of the invasion of water. The latter has often left castellated water- 
marks behind it, and has partially rounded the margins of the ohannols through 
which it flowed, so that in some cases these altered portions of the base have 
the appearance of amygdules plugging amygdaloidal cavities. I think that the 
results above described may be accounted for on the supposition that the unoiys- 
tallized glassy base yielded more readily to the solvent powers of heated water 
than the minerals that had crystallized out of it. 

It is important to note the tendency, here evidenced, of acid water passing 
through a rook to excavate rounded cavities ; the removal of olivine and leuoite, 
and the rounding of the edges of the matrix in which they were buried, might 
lead to the formation of a pseudo-amygdaloid, and prevent the secondary 
minerals, substituted for olivine and leuoite, being recognised as pseudomorpl u 
of those minerals. 

The folspar is more or less altered, but the augite is quite fresh. The slice 
contains some prisms of sanidine which exhibit characteristic CarUbad twinning. 

* No. 11 . — A greenish*grey compact rock. Sp. G. 2*81 

M. — This slioe closely resembles the last. The magnetite or titaniferous 
iron is a good deal decomposed, and much of it has passed into leuooxene. A 
study of these slices confirms the view taken of the origin of the opaque white 
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material formed in connection with the Darang basalts. The white opacity 
diffused in a nebulous way through the latter is, I think, duo in many oases, 
not to the decomposition of large regular crystals of ilmenite, but to the 
minute dendritic forms of iron disseminated through the base. 

This rock generally is passing into a stage of alteration like that described in 
the traps of Darang (lx.) 

Conclueion, 

I have not detected olivine in any of these slices either fresh or in an altered 
condition. 

Olivine, though a very characteristic mineral, usually present in basalts, 
does not appear to be universally so abundant as to bo invariably visible in 
every thin slice made for microscopic examination, 

Forchhammer states that it does not occur at all in the basaltic rooks of 
the Faroe Islands ; l whilst Professor In his paper on the microscopic 

characters of the basalts of the Firth of Forth, 1 notes that it “varies much in 
quantity and though it is “ usually discernible in every thin slice,” in some 
basalts it appears only in occasional “ rare and small pieces ’ Zirkel notes 
(Microscopical Petrography of the Fortieth Parallel, p. 219) that in rocks 
“ closely allied ” to the “ prop., or genuine felspar (i.e., plagioolase) basalts,” and 
which he classes as a sub-division of the basalts, olivine is genorally wanting. In 
some of the Deccan traps from other localities, specimens of which the Super- 
intendent of the Geological Survey of India has kindly allowed mo to see, it is 
vory abundant. Olivine may possibly not be altogether absent from the Bombay 
lavas ; but, if present, it must be sparsely disseminated through them. 

In view of the absence, or sparseness, of olivine, the question arises 
whether these rocks should be olassed as basalts at all. In mineral composition 
they approximate closely to the quarfczless-augite-andesites, in which olivine is 
rarely met with. 8 

The specific gravity of andesites ranges from 270 to 2*85; whilst the Bom- 
bay lavas, judging from the specimens now described, range from 2*80 to 2*85. 
In view, therefore, of the absence of olivine, a good case might be made out for 
classing the Bombay rocks with augite-andesites rather than with basalts. 

Bat, on the whole, it will, I think, be better to retain the name by which 
the Bombay rocks have hitherto been known, and to continue to call them 
basalts; for I think it will conduce to clearness and simplicity if we restrict 
the term ‘andesite’ to the lava form of diorite and retain the words basalt and 
‘dolerite ' for basic augitio lavas. The term ‘ augite-andesite seems a suitable one 
for intermediate forms between the two in which augite an ora en 6 are 
both present; and I prefer not to use it for the Bombay rocks because they 
contain no trace of the latter mineral. 

A.s the Bombay basalts are vexy typical volcanic rocks, it may be useful, and 
ma^id ns to determine more doubtful rooks in other localities, to sum up e 
indications they afford of being superficial lava streams. 

1 Bisebof s Chemical Geology, 11, p. 866. 

* Loo. eit * p. 606. 

• Butler's Study of Bock*, p. 286. 

G 
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The following points, I think, afford evidence of rapid cooling, though some 
of them are more cogent than others 

1. The presence of a glassy base. 

t Skeleton, dendritic, and rod-like forms, of magnetite and (P) ilmenite. 

3. The presence of glass enclosures, and gas babbles, in angite and felspar 
crystals 1 * * 

4. The abundance of felspar prisms of small size, the longer axis of which 
usually points in all directions. 8 

5. The abundance of granular 9 and minute crystals of angite. 

6. Clusters of irregular-shaped angite crystals. 

7. Imperfectly-formed and feathery felspar crystals. 4 

8. The penetration of angite by felspar and of felspar by augito. 


EXPLANATION OP PLATES. 

Plats I. 

Figs. 1, 2, and 3. — Thin slices of Bombay basalts as seen under the micro- 
scope. 


Plata II. 

Fig. 1.— Partial enclosure of felspar by angite. 

Fig. 2. — Partial enclosure of angite by felspar. 

Fig. 3.— Stellate prisms of felspar. 

Fig. 4. — A twinned angite and felspar prism. 

Fig. 5. — Angite and felspar prisms formed side by side. 

Fig. 6. — Angite akd magnetite formed at nearly the same time. 

Fig. 7. — Angite enclosing magnetite and felspar. 

Figs. 8 and 9. — Irregular-shaped dusters of angite crystals. 

Fig. 10.— Another stellate form of felspar. 

1 Dr. Sorby, Ann. Address, Q* J. (ft. 6. XXXVI, 89. 

1 Professor Geikie, In the paper already quoted, states Hurt; intrusive dolerite “along the line of 
contact with a sandstone or other granular rock” M beoomel moeedingly close-grained, " and the 
felspar prisms “tend tp range themselves parallel with the surface of the sandstone.'* 

* Professor Geijrie, in the paper already quoted, writes of the volcanic rocks of the Firth of 
Forth «— " There Is one distinctive feature between the mode of occurrence of the angite in the 
- dolerites and in the interbedded anamesites and basalts which J have found to hold good with 

• few exceptions. While in the intrusive sheets the angite occurs either in well-marked crystals or 

• in large crystalline inegulsrly-shfisped portions, in the sapuMAl kvh-beds it is commonly present 
'in abundant small granules and ip sparse defence crystals. 14 

4 See Dr. Sorby's opening address, Geology section Of the British Association, 1890. 
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DONATIONS TO THE MUSEUM. 

Donors . 

A series of fossils from the sifurian, carboniferous, permiau, Has*io and tertiary formations, 
England. 

Db. Gboboe Watt. 

Eight specimens of Budista (Hippurifes) from the turonian between Foix and Lavolanets, 
Dep. de l'Aribge, Outer Pyrenees, France. 

W. T. Blanpobd. F.R.S. 


ADDITIONS TO THE LIBRARY. 


Fboh 1st October to 31st December 1382. 

Titles of Books . Donors . 

Achepohl, L. — Das Niederrheinisoh— ' Westfalisehe Steinkohlengebirge. Atlas dsr fossileft 
fauna und flora, lief. 7, (1882), 4th edition, Leipaig. 

Beale, Lionel S.— How to work with the Miorosoope, 5th edition (1880), 8vo, London. 
Bbonn. — Klassen and Ordnungen des Thier-Reiches, Band YI, Abth. Ill, Reptilian, Lu£ 
33-34. (1882), 8vo, Leipzig. 

Encyclopedia Britannica, 9th edition, Vol. XIV, (1882), 4tp, Edinburgh. 

Fishes, Rev. Osmond. — Physics of the Earth's Crust (1881), 8vo, London. 

Geikie, Archibald. — Textbook of Geology, (1882), 8vo, Loudon. 

Milne, J.— Experiments in Observational Seismology, (1882), 8vo, Tokio. 

The Author. 

„ Notes on the recent Earthquakes of Yedo Plain, and their Effects on certain 
buildings, (1881), 8vo, Tokio. 

The Authob. 

„ On Earth Movements, (1882), 8vo, Hertford. 

The Author. 

„ Suggestions for the Systematic Observation of Earthquakes, (1882), 8vo, Tokio. 

The Author. 

„ The Distribution of Seismic Activity in Japan, (1881), 8vo, Tokio. 

The Author. 

Mojsisovics, E v. und Nbumayr, M.— Beitrage zur Palaontologie Osterreich-Ungams 
und des Orients. Band II, heft 3 and 4, (1882), 4to, Wien. 
Nobdrnseiold, A. E.— The Voyage of the Yega round Asia and Europe, Yds. I and II, 
(1881) 8vo, London. 

Poore, Ben. Pb rlet. — C ongressional Directory (47th Congress, 1st Session), compiled for 
the use of Congress, 2nd edition, (1882), 8vo, Washington. 

The Smithsonian Institute. 


Poussin, Oh. de La Vallbb et Rinabd, A.— Mdmoire but les Caraothres Mineralogiques 
et Stratigraphiques des Roches Dites Plutoniennes de La Belgique et de 
L'Ardenne Frangaise, (1876), 4to, Bruxelles. 

Retd. J. B. Dukout., t.j. 

Publication der Norwegischen Commission der Europaiscben Gradmessung. Geod&tisohe 
Arbeiten. Heft. II, (1880), and I & IH (1882). Yandstand observation, 
Heft I, med 5 Plancher, (1880 and 1882), 4to, Christiania. 

The Commission. 
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Quenstbdt. F. A. — Handbueh der Petrefaktenkunde. Auflage 3, Lief. 5, (1882), 8vo, 
Tubingen. 

Ramsay, A. C. — The Physical Geology and Geography of Great Britain, 5th edition, 
(1878), 8vo* London. 

RobinSos, John. — The Flora of Essex County, Massachusetts, (1880), 8vo t Salem. 

Thx Essex Institute. 

Second Report of the Committee appointed for the purpose of investigating the Earthquake 
Phenomena of Japan, drawn up by Prof. J. Milne, 8vo, London. 

Pbof. J. Milne. 


Szabo, Dr. J.— Classification Macrographique des Trachytes de la Hongrie, (1881), 8vo, 
Bologne. 


The Author. 


The Norwegian North Atlantic Expedition, 1876 — 1878— 

Vol. IV, 1. Historical Account. 

2. The Apparatus and How Used, by C. Wille. 

Vol. V, 1. Astronomical Observations, by H. Mobn. 

„ 2. Magnetical Observations, by C. Wille. 

„ 3. Geography and Natural History, by H. Molin. 

Vol. VI. Holothurioidea, by D. C. Danielssen and J. Koren, with 13 
plates and one map. 

Vol. VII. Annelida, by G. Hansen, with 7 plates and one map, (1882). 
4to, Christiania. 

The Editorial Committee. 


PERIODICALS, SERIALS, Ac. 

Annalen der Physik und Chemie neue Folge, Band XVII, Nos. 10-12 (1882), 8vo, Leipzig. 
Annales des Mines, 8th series, vol. I, livr. 2, (1882), 8vo, Paris. 

Comm, des Mines. 

„ „ Sciences Naturelles, 6 m " sdrie Botanique, tome XIII, Nos. 4 — 6, A XIV, 

Nos. 1—3, (1882), 8vo, Paris. 

„ „ „ Gdologiques, tome XIV, No. 1, (1882), 8vo, Paris. 

„ „ „ Naturelles. Zoologie, series VI, vol. XIII, Nos. 6—6, (1882) ; 8vo, 

Paris. 

Annals and Magazine of Natural History, 5th series, vol. X, Nos. 68—60. (1882), 8vo, 
London. 

Archiv fur Naturgeschichte. Jahrg XLV, heft 6, (1879), XLVIII, heft 4, (1882), und 
XLIX, heft 1, (1883), 8vo, Berlin. 

Athenaeum, Nos. 2864 — 2875, (1882), 4to, London. 

BeibUtter zu den Annalen der Physik und Chemie, Band VI, Noe. 9-10, (1882), 8vo, 
Leipzig. 

Bibliothfeque Universelle. Archives des Sciences Physiques et Naturelles, 3“ e Plriode, 
tome VII, Nos. 5—7, and VIII, No. 8, (1882), 8vo, Genbve. 

„ „ et Revue Suisse, 3“ e Fdriode, tome XV, Nos. 43—46, (1882), 8vo, 

Botanisohes Centralblatt. Band XI, Nos. 9—13, and XII, Nos. 1—8, (1882), 8vo, Cassel. 
Chemical News, vol XLVI, Nos. 1190—1201, (1882), 4to, London. 

Colliery Guardian, vol. XLIV, Nos. 1132—1143, (1882), fol., London. 

Das Ausland, Jahrg. LV, Nos. 85—48, (1882), 4to, Stuttgart. 
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Titles qf Books. Donors. 

Geological Magazine, Hew eerie*, decade II, vol. IX, Nos. 10—11 (1883), 8vo» London* 
Iron, vol. XX, Noa. 506—516, (1882), fol , London. 

Journal de Conchyliologie, 3 mi idrie, Tome XXII, No. 2, (1883), Svo, Pari*. 

„ of Science, 3rd series, vol. IV, Nos. 106—107, (1882), 8vo, London. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science* 6th series, 
vol. XIV, Nos. 88-90, (1882), 8vo, London. 

Mining Journal, with supplement. VoL LU* Nos. 2555—2466, (1882), fol., London. 

Natures Novitates, Nos. 17—28, (1882), Svo, Berlin. 

Nature, Vol. XXVI, Nos. 672—678, & XXVII, Nos. 679—688, (1882), 4to, London. 

Neues Jahrbuoh fur Mineralogie, Geologic und Palaeontologie, Jahrg. 1882. Band II, heft 9, 
(1882), 8 vo, Stuttgart. 

PalsBontographica. Band XXIX, lief 1, (1882), 4t o, Caa sel. 

Petermann’s Geographisohe Mittheilungen. Band XVUI, Not. 9—11, (1882), Ho, Gotha. 

Do. do. do. Supplement. Bfend, No. 70, (1882), 4to, Gotha. 

Professional Papers on Indian Engineering, 3rd series, No. 1, (1882), fisc., Boorkee. 

Thomason College on Civil JUngi nebbing. 
Quarterly Journal of Microscopical Science. New series, voL XXII, Nos. 87 and 88, (1882), 
8vo, London. 


GOVERNMENT SELECTIONS, Ac. 

Assam.— Murray, T. J.— -Report on the Police Administration of the Province of Assam for 
the year 1881, (1882), flso., Shillong. 

Chief Commissioner,' Assam. 

Bombay.— Kitts, Eustace J.— Report on the Census of Berar, 1881, (1882), fisc., Bombay. 

Revenue & Agricultural Department. 

„ Pearson, A. N. — Brief Sketch of the Meteorology of the Bombay Presidency in 

1881, (1882), 8vo, Bombay. 

Meteorological Reporter, Western India. 

Survey and Settlement Manual relating to tbe system of Revenue Survey and 
Assessment and its Administration in the Bombay Presidency, (1882), 8vo, 

Bombay. „ „ 

Bombay Government. 

Central Pro vinobb.— Morris, J. H.— Report on tbe Administration of the Central Pro- 
vinces for the year 1881-82, (1882), 8vo, Nagpur. 

Chibv Commissioner, Central Provinces. 

India.— Annual Statement of tbe trade and navigation of British India with Foreign 
countries and of the coasting trade of the several Presidencies and Pro- 
vinces in the year ending 31st March 1882* Vol. I, Foreign Trade, (1882), 
4to. Calcutta. 

Department op Finance and Commerce. 

„ Bumk-Powhix, B. H.— A Manual of the Land Revenue System* and Land 

Tenures of British India, (1882), 8vo, Calcutta. 

Hon Dipabtxut. 

„ List of Civil offloers holding Gazetted appointment* under the Government of India 
is the Home, Legislative and Foreign Department* on let July 1882, 

(““>• — — • He tenon 

» M et eorol og ical observation* recorded at six station* in India in the year 1881, 
oorreoted and reduced, (1882), dto, Calcutta, 

Mmomoiiooicaii Rzfosiu to Gonuun or Ixdu. 
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India.— Register of general observations in 1881, reduced and corrected, December 1881, 
(1822), 4to, Calcutta, 

Mbteobological Bbpobtbr to Govbbnksnt ot India, 

J* Report on the Administration of the Meteorological Department of the Government 

of India in 1881-82, (1882), 4to, Calcutta. 

Meteorological Rbpobtbb to Govbbnkbnt of India. 

Review of the Maritime Trade of British India with other countries for 1881*82, 
(1882), fisc., Calcutta. 

Dbpabticbnt or Finance and Comkbbce. 

„ Sohlich, Ph. D., W.— Suggestions regarding the Demarcation and Management of 
the Forests in Kulu, (1882), flso., Caloutta. 

Hoke Dbpabtkbnt. 

W. Provinces.— Bhagbah Pandit.— Report on the Census of the Province of Ajmere- 
Merwara, taken on the 17th February 1881, (1862), fisc., Ajmere. 

Revenue and Agricultural Dbpabtkbnt. 


TRANSACTIONS, PROCEEDINGS, &c. OF SOCIETIES, SURVEYS, Ac. 

Aks TBBDAK . — J aarboek van bet Mijnwezen in Nederlandsoh Oost-IndiS. Jahrg. XI, 
No. 1 (1882), uud Register op het Jaarboek Mijnwezen, 1872*1881, (1882) 
8vo, Amsterdam. 

Netherlands Colonial Dbpabtkbnt. 

Basel. — Abhandhmgen der Sohweizerischen Palaontologisohen Gesellschaft, vpls. VI— VII, 
(1879-1881), 4to, Basel. 

The Society. 

„ Verhandlungen der Naturforschenden Gesellschaft in Basel. Heft 1 — 10, (1835- 
1852). New series, band I — VI (1854-1878), 8vo, Basel. 

The Society. 

BATAVXJur-Natwukundig Tijdschrift voor Nederlaudsob-Indie. DeeL XLI, (1882), 8vo, 
Batavia. 

The Society. 

Bbblin Abhandlungen der E6nigliohen Akademie der Wissenschaften zu Berlin, 1880- 
1881, (1881*1 882), 4to, Berlin. 

Thb Academy. 

„ Sitzungsberiohte der Koniglioh Preussisehen Akademie der Wisensohaf ten zn Berlin, 
Nob. XVIII—XXXVIII, (1882), 4to, Berlin. 

Thb Acadxky. 

„ Zeitsohrift der Deutsohen Gedogisohen Gesellschaft Band XXXIV, heft. 2, (1882)* 
8vo, Bedin. 

Thb Society. 

Been.— Beitrage zur Geologueben Kwete dar Schweiz. Lief. XX. Atlas only, (1880), ob. 
4to, Bern. 

Thb Natubal Histobt Society, Basel. 

Bologna*— Asoademia dalle srienzedeUo Istitu to di Bologna dallasua origine a tulto il 1880, 
(1881), 8vo, Bologna. v 

>The Acadbky. 

„ tfemobe della Aocademia ddl* Selenie dell’ Istituto di Bologna. Serie IV, 
tomoll, (1880), 4to, Bologna. 

Thb Acadbky. 
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BrUbsblb.— Bulletin* de m Sosi 4tA Royale Beige do fldbgmphie, Not. 3 — 4* (1888), 8 to, 
Bruxelles. 

Tn Soojbty. 

„ Bulletin du Musde Royal d’Histoire NatureUe de Belgique, Tome 1, Nt. 1, 
(1888), 8ve, Bruxelles* 

Mc*bi/* of Kaioiu History, Belgium. 

„ Extrait du Bulletin du Muatfe Boyal d’Histoire Naturelle de Belgique. Tome i, 
with planches IV to VI, (1888), 8f% Bruxelles, 

Mmrnm OP JtAVmfeiR Hiswet, Belgium. 

„ Ex traits dee annales de la Socidtd Royale Malacologique de Belgique : Diestien. 

Oasterlien et Soaldjaie*. By Irtmet Van Den Broiesk. 

„ Note sur les Levds Gdologiques de MM. ran Eftbom et Oogels, by Ernest van 
Den Broeok. 

„ Observations, by P. Cogefeltfi V. rm Den Bmsk. 

„ Exposd Sommaire des Observations et Ddocuvertee, by Ernest van Den Broeek, 
(188%, 8vo, Braetils. 

The Socarr. 

Calcutta. — Memoirs of the Geological Surrey of India, VoL XIX, part % (1888), 8ro, 
Calcutta. 

GnOLOOICAL Subysy op Ihdia. 

„ Records of the Geological Surrey of India, rol XV, part 4, (1882), 8ro, 
Calcutta. 

Geological Survey of Iedia. 

„ Proceedings of the Asiatio Society of Bengal Nos. VII and VIII, (1882), 8?o, 

Calcutta. - _ 

Thb Society. 

Cambridge.— Memoirs of the American Academy of Arts and Sciences, Centennial 
volume, VoL XI, part 1, (1882), 4to, Cambridge. 

Ttta Aoadbjcy, 

„ M emo irs of the Museum of Comparative Zoology, Vol. VIII, No. 2, part 8, 
(1882), 4to, Cambridge. 

The Museum of Ccsmfabatxvb Zoology. 

Cambridge, Mass.— B ulletin of the Museum of Comparative Zoology, Vol. VI, No. 12, 
(1881), 8vo, Cambridge, Mass. 

Thb Museum of Comparative Zoology. 

D bupbit .— P raaotp A^-Die Meteoriten d« KoaigLMmerriogieohen Moaauma 1 b Dmdm, 
(1882), 8 to, Drerien. ta Socnl7> D „ ISUr . 

Edihbpbor.— Catalogue of the Printed Book, in the Library of the Society of Writer, to 
H. M.’s Signet in Scotland. Part U, M-Z. Sextant and Idrt of 
Uannaoripta, (1882), 4to, Edinburgh. 

Til WBJTBBSo 

G lasg ow —■Transactions of the Geological Society sf Glasgow, Vol. VT, part 2, 1878*79 to 

iohmum*.*** 

Qoxtihoib.— N aohiiohten too der k. GeeelUohaft der Wiaaeneohaften, ane dm «W>» 18*l» 
(1881), 8vo, Gottingen. g $oxn T> 



56 


j Record* of the Geological Survey of India, 


[vol. m. 


Titles of Books. Donors , 

Halle. — Abhandlungen der Naturforschenden Gesellehaft zuHalle. Band XII, heft. S & 4 
(1873) XIII, heft, 3 (1875), XIV, heft 3 (1878 and 1879) and XV, heft. 
2-1, (1881 and 1882), 4to, Halle. 

The Society. 

Bericht liber die Sitzungen der Naturforsohenden Geeelliehaf t an Halle, im Jahre 
1881, (1881), 8ro, Halle. 

The Society. 

• „ Festschrift znr Feier dee Hnndertjahrigeo Beitehene der Naturforsohenden 
Geeelliehaft in Halle, (1879), 4to, Halle. 

The Society. 

Lausanne.— Bulletin de la Soddtrf Vandoiee des Sciences Naturellee, 2 m# sdrie, vol. XVIII, 
No. 87, (1882), 8to, Lausanne. 

The Society. 

London.— Journal of the Anthropological ^Institute of Great Britain and Ireland, yoI. 
XII, No. 1, (1882), 8vo, London. 

„ Journal of the Iron and Steel Institute. (1882), 8vo, London. 

' The Institute. 

„ Journal of the Linnean Society, vol. XV, Zoology, Nos. 86 — 88, and XVI, 
Nob. 89—94, and vol. XIX, Botany, Nos. 114—121, (1881-82), 8vo, 
London. 

The Society. 

„ Transactions of the Linnean Society of London. 2nd series, Botany, vol. II, 
part 1, and Zoology, Vol, II, pts. 3—5, (1881 & 1882). 4to, London. 

The Society. 


»» 


ft 
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Proceedings of the Linnean Society of London, from November 1875, to June 
1880, (1882), 8vo, London. 


The Society. 


Journal of the Royal Asiatic Society of Great Britain and Ireland. New series, 
VoL XIV, pt. 3, (1882), 8vo, London. 


The Society. 


Journal of tbe Society of Arts, Vol. XXX, Nos. 1548 and 1556— 1564> and XXXI, 
Nos. 1565-:1567, (1882), 8vo, London. 

The Society. 

List of tbe Members, Officers and Professors of tbe Royal institution of Great 
Britain, with the Report of the Visitors* Statement of Accounts, and Lists of 
Leotuxes and Donations in 1881, (1882), 8vo, London. 

The Institute. 

Proceedings of tbe Royal Institution of Great Britain. Vol. IX, Nos. 78 St 74, 
(1881 St 1882), 8vo, London. 

The Institute. 


Proceedings of the Royal Geographical Society. New series, vol. IV, 
Nos. 7-'-10, (1882), Svo, London. 

The Society. 

Philosophical Transactions of the Royal Society of London. Vol 172, Parts Ilf 
and III, and 178, Part I, and List of Fellows of the Society. 80th November 
1881, (1881 St 1882), 4to, London. 


The Society. 
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London. — Proceedings of ihe Royal Society of London* VoL XXXIV, Noe. 220—221 
(1882), fko, London. 

The Society. 

„ Proceeding* of the *2oologioai Society of London. Pfcrte I and H, 1888. Inddt 
to Do. from 1871-80. (1882), 8vo, London. 

She Sooxxtv. 

„ Transactions of the Zoological Society of London. VoL IX, pt. 4 (1875), 4to, 

London. 

Taafacanr. 

„ List of the Fellows of the ZodlngW Society of London, connoted np to let Jtoto 

1882 (1882), 8 vo, London. m 

Tee Society. 

M Quarterly Journal of the Geological Society of London. Vet XXXYHX, parti 
2—3, Noe. 150—151 (1 862), 8ro, London. 

Txi Society. 

Madison. — A tlas accompanying volume III, Geological Surrey of Wisconsin, platel 17 to 
80, (1879), fol., Madison. 

SUPE BIN TBK DEBT, PlTBIiIC Phopbett, MaMso*. 
Madrid. — B oletin. de la Sociedad Geografica de Madrid. Tomo XIII, Nos 8^i (1882), 
8vo, Madud. 

m The Society. 

M»lbouwib.— R eports of the Minin? Surveyor^ and Registrars for quarter ending 80th 
June 1882 (1882), Abc., MelbSurne. 

MlSINO DlVABTHint, VlOfOBU. 

Miiait. — A tti della Sooidta ItaUan. di Sdfcue Natural! VoL XXIII, Umo. 8 and 4 (1881), 

8vo, Milano. _ 

The Society. 

,. Rede Ietituto Lombardo di Sciente e Lettore. Rendioonti, fieri. II, vob. XIII 
mid XIV (1880 & 1881). 8.0, MiUno. ^ ^ 

NauoHanL.— Bnlletin de la Sooidtd dee Sciences Naturelles de Nenehatel, tom. XII (188S) 
8To.Neuoh.tel. Thb Socnor. 

Philadklphia.— J ournal of the Franklin Institute, Sri wriea, toL LXXXIV, No.. , 
(1888). 8ro, Philadelphia. ^ ljtfTmrr> . 

Proceedings of the Academy of Natural ftono* I-IIL UU. 

(1881 A 1882), 8to, Philadelphia Aoadkht, 

Pi»A.-Atti dell. Sooieta Toacan. di Smews Naturali Pmcewi V«h*K, Vol. Ill, PP- 1»— 
ITS (1888), 8yo, Ptaa. Tx, Sooner. 

Shasshai.— J ournal of fir. North Chin. Branch of th. Boyd Ariatio Society. New -rim, 
toLXVH, pt 1 (1888), 8ro, Shttghm. 
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Singapore.— Journal of the Straits Brandi of the Royal Asiatic Society, No. 9, KM, 
(1882), 8vo, Singapore. 

The Sooqmr. 

St. Pbtbbsbubg.— ] B eitriige snr Kezmtmss des Busabohan Reiches and der Angrenzenden 
iAnder Aliens, 2nd series band XV, (1881), 8rd» St Petersburg. 

The Aoadbky, 

„ Bulletin de l'Aeaddmie Impdriale des Sciences de St Fdtersbourg. Tome 

XXVni, No. 1. (1882), 4to, St. Petersbourg. 

The Academy*. 

ii Htfmoirs de l'Acaddmie Imperials des Seienoes de St Pdtersbourg, 7 m# 

sdrie, tome XXX, Nos. 8 and 5, (1882), 4to, St Pdtersbourg. 

The Academy. 

i, Verbandlungen der Busmsoh-Kmserlieben MinetaLogiscben Gessellschaft 

zu St Ptftersbnorg, sdrie IL 

Band I (1861)— XVII (1882), (1866-1882), 8vo, St. Pdtenbouig. 

The Society. 

Venice. — Atti del reale Istituto veneto di scienze, Lettere ed Arti — 

Serie IV, tomo II, No 10, 1872-78. 

„ V, „ VI, „ 0, 1879-80 (1872— 1880), Svo, Venezia. 

The Institute. 


Vienna* — Denkschriften der kais. Akad. der Wissensehaften — 
Blind XLHI— XLIV, (1882), Ato, Wien. 


The Academy. 


» 


Sitzungsberiobte der Kais. Akademie der Wissensehaften — 
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genus of ganoid described, upon the evidence of a single tooth, under the of 
Siginodus dubius ; this tooth is of an elongated conical form, much resembling the 
teeth of certain Samians. Of the Oochliodontidce f here provisionally referred to 
the Ganoidei, there are two genera, each represented by a single species, namely, 
fmdlodus paradoxus and Psephodus indicus ; the tooth of the former is of the 
flattened cestraciont type. Of the E lasmobranohii, five genera have been named, 
.some from the evidence of teeth, and others from spines ; but, in view of certain 
mbdem discoveries, it is not impossible that in some oases distinct genera have 
been formed from the different remains of the same animal. Of these the new 
genus Helodopsis t allied to the European Helodus, has been formed for the reception 
of two teeth, which have been referred to distinct species under the respective names 
of H. elongata and S. abbreviata. A fragmental tooth, too imperfect for specific 
determination, has been referred to the common European carboniferous genus 
Psammodus. A fourth tooth, unde? the name of P. indicus , is referred to the 
European genus Petalorhyncu$ 9 which is very doubtfully separated from Petalodus. 
Of the spines, three specimens are referred to the genus Xystracmthus , of the 
carboniferous of America, under the names of X. gracilis , X. major , and X. minor; 
the possibility of these specimens belonging to some species of Helodopsis is, how- 
ever, suggested. A fourth spine is referred to a new genus, under the name of 
Thaumatacanthus blanfordi . As far as the evidence of these fishes goes, it is ap- 
parent that sharks with crushing teeth were the dominant forms in the Indian 
carboniferous seas, as well as in those of Europe and America. All the specimens 
noticed above are in the collection of the Indian Museum. 

From the same rocks there have been obtained teeth of two species of the 
elasmobranch genus Acrodus , to one of which the name A. flemingi has been ap- 
plied. Other small teeth have been doubtfully referred to the ganoid genus 
Bawrichthys 9 with the name of S. (?) indicus . 

2Vuw-;«ra.— In the upper portion of the great Gondwina system, probably 
corresponding as a whole to the trias and jura, remains of fishes have been found 
in some abundance, the determined forms belonging to freshwater ganoids. In 
the Maleri group 1 of this system, the fauna of which shows a rheeto-tpassic facies, 
three spines of the genus Oeratodus have been determined, and respectively named 
0. hislopianu8 f 0 . huntericunus, and C. virapa. The latter is considered to be 
closely allied to 0 . polymorphic of the rhsatio of Bristol. At the present day the 
genus inhabits the rivers of Queensland, and in Europe is found fossil from the 
Keuper to the Jura. The specimens of the Maleri teeth are in the Indian Museum. 
From the Kota group, sometimes classed with the Maleri group, but showing a 
more distinctly liassio series of fossils, nine Bpecies of ganoids have been deter- 
mined, belonging to the genera Dapedius, Lepidotus , and Tetragonolepis, all of 
which odour in the secondary strata of Europe, where they range from the lias to 
the eooene, Lepidotus being especially characteristic of the wealden. The majority 
of the specimens on which these species are founded are, it is believed, in the 
collection of the Geological Society, but there are a few in the Indian Museum $ 

>1 follow the Director General of the Geological Survey of Greet Britain and Ireland in oonttau - 
ing to use the term ' group * ae subordinate to the terms 1 system * and 1 eyries/— Bps Gelfae : 
“ Text-Book of Geology/' 1882, p. 685. * 
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in many t!|^jjv" ,| Wrise nearly perfect fish. Bones, aggamotly of fishes, 
have been obtained from the tries of Tibet, but are too imperfect for 

Oretaoeons. — A few pemaias of fishes have been obtained from the 
oretaoeons Laxneta group, bat ere not determined, though it has been suggested 
that soma of them may belong to the genus Bphyrcenodtu, of tha eooen a and 
miooene of Europe. From tha middle and upper oretaoeons Trichinopoli series, 
seventeen species of Elaamobranchi have been described, belonging t# the genera 
Ooraa, JSndkoSm, Lomna, Odontaspis, Otodue, Oszyekiaa, Ptyekodus, and BpXarochu, 
and one ganoid, doubtfully referred to Pycnstfr* ; aQ these genera ooonrin the 
cretaceous of Europe, 'of which period some are characteristic. Two of the 
Indian species, viz., Oorax pristodomtm and Ptyohodw laiissk Owe, are common 
to the cretaceous of Europe. Most of these species am founded era the evidence 
of teeth, some of which are in the Indian Museum and others in theooBeotion of 
the Geological Society of London. 

Eocene.—* From the eocene of the Andaman Islands and R&mri Island on the 
Arakin coast, there have been obtained two teeth of a large Biodon, named 
D. foleyi; from the occurrence of D. Ky stria off these coasts at the present time, 
it may be assumed that the genus has lived there sinoe the eocene. Remains of 
a large species of this genus have been obtained from the miooene of Malta. 
Undetermined cycloid scales have been obtained from the eocene of Thyetmyo 
in Burma. From the eooene of the Panjib there are other undetermined scales, 
and the dental plate of a species of eagle-ray,— Myliobatis,— a genus very common 
in the eocene of Europe, and widely distributed at the present day. From the 
neighbourhood of Kohit, in the Panjib, from strata of eocene or lower miooene 
age, a single incisor of a sparoid fish, named Oapidotus indicus , has been obtained. 
The genus was previously known only from the miooene of Vienna and Silesia, and 
is allied to the living Sargus. AIT the above specimens of teeth are in the collection 
of the Indian Museum. 

Pliocene. — From the Siwalik series numerous species of fishes have been 
obtained, though severa lhave not been determined. Among the siluroids, we 
have a large skull in the Indian Museum (originally referred to a gigantic 
batraohian) belonging to the living species Bagarias yarrelU , of the larger Indian 
and Burman rivers. The British Museum has the anterior portion of the skull 
of a siluroid (labelled Pimelodus), belonging probably to a smaller species of the 
same genus ; and a s malle r but nearly complete skull in the same collection be* 
longs probably to this species. The survival of a pliocene fish to thd prtaent dsy 
is a fact of interest. The genus would seem to have been widely distri- 
buted in eooene times throughout the Bast, as a species has boon described from 
the tertiaries of Sumatra under the name of B. gigas. The posterior half of the 
skull of a gi gan tic siluroid in the British Museum indicates another genu, of this 
group. Palatal teeth of a third form of siluroid, from the Panjfib and Sind, end 
now in the T^y. Museum, probably belong to the genus Aritu, now inhabiting 
*he rivers rf India. Among the etasmobranohi a few teeth indicate a species of 
Siwalik Lamm, while ft single tooth in the Indian Mnseum from Burma belonged 
to a small species of Oarcharodtm or Oarcharias. Large squaline vertebra, now in 
the Indian Mu^un, have been obtained from the Siwalika of Perim Inland. 
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From the terfciaries, or posfc-tertdaries, of the KAahmfr valley aJftw Sah^ntaOM 
hare been obtained. 


Class II.— AMPHIBIA. 

I, Tria8-jura.~ The oldest-known Indian amphibian is represented by a skull and 
part of the vertebral column, from the Bijori group of the Gtmdwdnas, of a large 
species. This fine specimen belonged to the Asiatio Society of Bengal, and was 
sent to England for description about 18 years ago, since which time it has lain 
unnoticed. It has recently been recovered, and the writer hopes subsequently to 
give a description of it. The skull is of a triangular shape, and has been referred 
to Archegotaurus and Labyrinthodon . In its restricted sense, no skull is known of 
the latter genus, and it is quite possible that the Indian specimen may belong to 
Masiodonsattnu or to some other genus. Provisionally, it is convenient to refer 
to it as an Archegotawru* (see "Note, p. 93) 

Prom the Panchet gronp of the G-ondwfinas three genera of slender-jawed 
labyrinthodonts, allied to those of the European trias, are known. The first of 
these, Pachygonia, has only the one species P. incurvata , and is known by the 
greater part of the mandible, and a fragment of the skull. The marking of the 
fanner is like that of Mastodonsaurus. The seoond genus, Gonioglyptus , has 
two species, the smaller known as Q. longirostris and the larger as G. huxleyi ; it 
is considered to be closely allied to Trematoaaurus of the bunter-sandstoue of 
Germany. The third genus is known only by a single fragment of the mandible, 
to which the name Glyptognathtu fragilit has been applied. These three genera 
are peculiar to India, and all their remains are exhibited in the Indian Museum ; 
the two former belong to the group Euglypta. 

From the Mfagli beds of the Gondw&naa, another peculiar genus of 
lahyrinthodont has been obtained, and is represented by a single skull in the col- 
lection, of the .Geological Society, to which the name Brachyops laticep 8 has been 
applied. The genus is allied to Bhinasaurus from the jnrassio of Europe, to 
MicrophoU* of the trias of Africa, and to Bothricepe of the trias of Australia, and 
with them constitutes the gronp Brachyopina. 

From the Maleri group fragmentary jaws of a species of Pachygonui, probably 
the same as the Panchet form, have been obtained, as well as simple biconcave 
vertebras of considerable sine, probably belonging to a lahyrinthodont ; these speci- 
mens are in the Indian Museum, 

Tertiary. — No amphibian remains have hitherto been obtained between the 
trias-jura and the tertiaries. In the lower series of the latter at Bombay there 
occur numerous remains of a small frog, belonging to the genus Oseygloteus, now 
living in China, Siam, and possibly India ; the fossil species is extinct, and is 
known as 0. puttlhu : remains of a larger, but undetermined, frog are also 
indicated. 

Class HI.— BBPTIMA. 

* 

Trias-jura .-- The oldest reptiles hitherto found in India belong 4>o the orders 
Dinos&uria dad Dicynodontia, and occur near Bftniganj in lower Bengal, fa 
the Panchet group of the Gondwanas, probably of triaisio age. The fatahfa* 
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of ft dperirt \9t dojiftoMm, belonging to flu attUgmna JWyMMwuM, _ 
oomj^tiriflf%mHn<m sacurrenee ill the <k**e PtaiChet sandstone, and 
beta dedovEMi ta ft orhmialie, Other remains IMk to a 

larger species of the getwh/ This fed* of rMiflto MM* to be ttiiete>c4 
the trite of Jiftfe. Ru*rin, nnd Africa, and 

in the kttor OOnntry. Thft remains of theiMRen kariM nil oeMft'ote* a'ftsift 
small atola ih One thin Saadi of the KnaohetT The DmeewTS^eta ua*«J; 
Ankbfatio* MU M i and is ite tofc w^ c ee u twttee of the genus; it is I Met 
merely by two minute compressed tad tmnehsCb twit WtBt tafiftta* tmjnUt 
those of Megwiaeaftfto, implanted HI Wstfcct emfetta He state jgmtiftwAl #» 
in the Indian MnseUm. The IfiM g«eta «* 4ri some ’ M jy glM um ta« < M|f|0| 
numerous, though mhoh broken, sUprinaet'* 0% eteoodfttan* ittatajP^ p fr 
still nndeseribed genus Paratuchtu, and hearing the ttanuaoript specifB Mie dR 
hUlopi, after ifce late Set. Ur. TTHtij . the aiSWfteter of the verWtaSM fOostis 
of the Maleri group. His crocodile belonged td the tUttphtomMau ddWb»^0K 
the order, and seems to have been closely allied to BtMt ft an# jtMpeNofigMi Of 
the trias of Europe, the three genera forming a group characterised by'thft 
non-union of the pteiygoids behind the palatines. The Mutes referred to 
Parasuehtu differ from those of living crocodiles by their sculpture ota ri e tih f of 
ridges and furrows radiating from a sub-central poiht, instead of isolated ittft* 
gular pits. From the Denwd group of the same System ft single scale of ft 
gigantic crocodilian, probably belonging to the above genus, baa been Obtained. 
The Tiki beds in South Bewi, which are not improbably the equivalent 


of the Pnnohet group, htVe yielded other crocodilian remains, agreeing in 
the structure of the Beales with Paratuehu, but distinguished .by a totally 
different form of barioccjpital, whence it is inferred that they probably belong 
to a distinct genus. In addition to the above, the Maleri and South Bewd rooks 
have yielded remains of a large species of the laoertian genua Byperodaptdem, 
originally desorilM from the English trias. The Indian species, H. hutteyi, 
differs from the European, B. gramti, by the greater number of the palatal teeth, 
and the presence of tome additional teeth on the outer surface of the mandible 5 
its length haa been roughly estimated at 16 feet. The genus is closely allied 
to the living Eatteria of New Zealand, and has been supposed to bftve an affinity 
to Shynekoimnu <jt the trias of Europe. From the C hiri gr oup of the jM* 
of Eaoh there haa been obtained a single crocodilian vertebra, not itpptrobahiy 
belon ging to Partouehtu ; and from the TJmia group of the same, a frttgment of 
the of a Pletiotaurus, described aa P. todieo*/ the affinities of this 

form cannot be tolly determined from the specimen. 

The whole of the remains from the triad- jura, men tion ed above, we in the 
collection ot the Museum. 

CVe^aoeoiis.-^SVom the Triehiitapoli gWflp (tippet <tf0hcSta) ( tnd 
from the Lameta group (middle cretaoeons), them f tf* te eth 

of a tptoiw isf JbpaJoMMffityf * gontis whose range in tattads tpm the 

jumasioto the wealdea; the One tooth of the Indian tom now fortoo omiag ia 
in tht Indian UuMum. Rom the Lameta series there haw also been obtained 
flit remains ok#n0thur g enu a of gigatttio dinosaur, to which the nama NM* 
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epmm has been wrigned. This genua is allied to Pebraumrue of the English 
w^Jden, and to Odiaeaurm vt the jurassio, and was a longwtailed terrestrial i&rm. 
The genua was represented, by two species, — T. indicue and W. blanfordi; the 
former eharaoterised by the centre of the caudal vertebra being compressed, 
^kile in the latter they axe sub-cylindrical. Numerous vertebra, chiefly Caudal, 
and a huge femur, nearly 4 feet in length, are preserved in the Indian Museum, 
and there is a cast of one of the former, belonging to 37. indicue, in the British 
Museum. A few bones, in the former collection, indicate a undetermined 

reptile from the Lametas. 

The Ghelonia are known in the cretaceous merely by some broken plates, in 
the collection of the Indian Museum, obtained from the Lametas, from the 
infra-trappeans of Bfjamahendri (Rajamundry), and from 'the upper cretaceous 
of Sind. 

The Orooodilia of the cretaceous are known only by one amphiocelian species, 
apparently allied to Suchosaurue of the English wealden, of which some vertebra 
have been pbtained from the upper cretaceous of Sind, and are now in the Indian 
Museum. 

A large species of Ichthyoeawrue , named I. indicue, is known solely by a few 
vertebra obtained from the middle cretaceous of Triohinopoli, and now in the 
Indian Museum ; the range of the genus in Europe is from the lias to the chalk. 

Eocene.*-* The only specifically determined eocene reptile has been referred to 
the genua Mydraepis, under the name H. leithi. The specimen on which this 
determination rests is a carapace from the inter-trappeans of Bombay. The 
genus Hydraspie belongs to the Emydidce, and is now confined to tropical America. 
From the nummulitics of the Pan j 4b numerous fragmentary remains of crooo- 
dilians have been obtained, but in too imperfect condition for determination. 

Pliocene 1 . — Many of the Siw&lik ohelonians in the British and Indian Mu- 
seums are still undescribed, and the following list must, therefore, be con- 
sidered imperfect. Of the Orooodilia, a species from the Sub-Himalaya and 
Perim Island has been identified with the living Indian OrocodiUte pdluetrie 
(bombjfrqns), remains from Burma and Sind probably belonging to th$ same 
species. Of the genus OhariaMe (Leptorhy nohue), a species from the Sub-Hima- 
laya, Burma., Sind, arid Perim Island is identical with OhariaUe gangeUcue of 
the Ganges and Jamna. A second species from the Sub-Himalaya, with slender 
teeth, has been named <7. leptodue; and a third, of gigantic dimensions, and with 
shorter and stouter jaws and teeth, <7. craeeidene; the latter has been obtained 
from the Sub-Himalaya, Burma, and Sind. Remains of the above species are 
pr es e rv e d both in the British and Indian Museums. 

Of the order Laoertilia only one species of Varanue is known, and named 
P. ewtHeneie : this determination rests on the evidence of the distal extremity of 
a humerus, from the Sub-Himalaya, in the British Museum. The genua Vdrymue 

* In this memoir the fomHIfcrowi flhvaUks of Sind (lower Ma n chhtr e) ate termed entile* ftb* 
oene,and those of the Bab-Hnnalaya and other peri* of India higher plieeene»|r4he peetibUtty 
of some of the Sind hide being of mioCene age being «tlH kept in tie*. *0* teeme e*tt* 
end higher pttoetse are intended merely to indicate that the one ie older than the tike* end 
not to indicate their conrektlen with the diriskma of the European pliocene. 



part 2«] Ltdbkkie : Synopsis of tie Fossil Vertebrate of India. W 

ia now of oomm^oioiu^oo, and has probably existed sfihoe the oBgdoene,as 
the so-called PaleSoBktnnut Queroy ptaipMlM is pisMilf seme. 

The Ophidia as* known only by some vertebras from the Panjib and Sind, 
belonging to the genus F$to>», and not distinguishable from those of the living 
Indian P, mobmtss these Specimens ate in the Indian Unset) m. A speelto'W 
python (P. eadurceneis) from the Quercy phosphorites seems to hatofvery dkmtif 

The Chelcmia tie wed leps e ee nte d, end comprise among other kmdtortriea* 
the gigantic Ootofmetolyf olios front the &«bwHiie^ andBttwna. VNk 1t|S*l 
1 b stated to be mainly dis*h g u i ^^from Sfctodbbgr thethichenii% of ttpe <M» 
sternal portion of the plastron, bat it * dbnbtfcd 21 this chAreofer is of | Ml 
value, and the species should ptoWHy be tofetoed to flto MWjpmas. «S| 
length of the restored carapace in the British Mfeetam itf 12 fe«*B SaObei, **tt 
the entire animal, with the head add toil extended, is considered to have attorned 
the length of 22 feet. In addition to this gigantic animal there ie go Od *vida**e 
of the existence of other large tortoises, as the Indian jjtoewn po eso-e n eetoto* 
specimens of the ankylosed epistemals of at least tWo species of targe torfefsee. 
These bones axe as thick, hat not as long, as those of Cokmookefys, and &eir 
extremities are shorter, bat more divergent ; they probably belonged to spoffiis 
of Testudo, about two-thirds the size of 0. atlas. A broken episternil inttwtb 
a third, bat smaller species ; while a fourth species of about the same size a# the 
last is represented by three epistemals in the Indian Museum, which are net 
bifurcated at their anterior extremities. A single carapace of a small tortoise 
in the Indian Museum seems also to belong to the genus Testudo. Among the 
hard-shelled emydine tortoises we have a species of Bellia, represented by two 
carapaces in the Indian Museum, which has been named B. sival&nsis, and is 
considered to be closely allied to B. crassicollis, now inhabiting Tenasserixn, 
Siam, and Sumatra ; the genus is only represented by one other living species, 
B. nuchaUs of Java. Another carapace in the Indian Museum, also from the 
Panj&b, seems to indicate a second Siwalik species of the genus. In the British 
Museum there are two carapaces of Siwalik land tortoises, with three dorsal 
ridges, which, although differing considerably in size, evidently belong to the 
same species, and the smaller cannot be distinguished from the living Jkao. 
nia hamiltoniy inhabiting Lower Bengal, they may be referred to that species ; 
as is frequently the case, however, the fossil form greatly exceeded the living in 
size. The larger specimen was named Bnsys hamiltonoides in manuscript. , An 
imperfect carapace from the Panjib, in the collection of the Ind ia n Museum, 
seems to belong to the genus Emys. A single marginal plate, also in the Indi an 
Museum, has been referred, under the name of Oautleya on nuUgor, to a new 
genus, said to be distinguished from all other emydine tortoises by the oartikgi- 
nous, in place of the osseous, union of the marginals with ' the adjoining plates. 

the Bataguridm, some carapaces in the British Museum indi c ate an 
animal identical with the living Pangehura (Bhnys) teotum, now inhabiting Lower 
Bengal $ the fossil fo a m attained a larger size than the reoent* A large *mn 
of Botori# has been obtained in some numbers, but is not spedflcafly determined. 
A carapace of thsi genes in the Indian Museum, with a ridge on the vertebral 
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ylMkm, ▼«* probably belongs to a second aperies. Remains of a huge Trmsp* are 
likewise not unqommqB, fat haw no* yet ben specifically rMwipitiltiHU A on- 
yvov in the British Moron* ha* been identified with the living Smyth dttota 
(eeghnmeit) of dental and Southern India ayd Ceylon, and it utpnofaabfe that 
^Hunerons other remains of this genus may be referred to the saute specie*. 

* Pleittooeu*. — The reptiles of the pleistocene see still vary imperfectly known, 
bat it is probable that they all belong to Inring Indian species. Prom both 
the Jamas and Narbada bed* specifically indeterminable remains of crocodiles 
have been o b ta ined . Two complete specimens of the eacapaee of Pangthura 
tectum from the Narbada are in the Indian Ignaanm, and serve to connect the 
living with the Siwalik form, and show that the range of the speeiee once 
extended over the greater part of India. A portion of the plastron of a Batagur 
from the Narbada has been provisionally referred to B. dhongoka, now found in 
the same river. A fragment of the carapace of a Trionyx, from, the same de- 
posits. probably belonged to 5T. gangetioue, and it is highly probable that a huge 
ch etom aa cranium in the British Museum, from the same deposits, should be 
referred to the same species. 

QtmeraL — The foregoing notes will show that the fossil reptiles are vary few in 
number, and that many are only known by very fragmentary remains. The 
known m moaoao forms belong entirely to extinct genera ; the one known eocene 
reptile belongs to a genus still living, bat now far removed from India; the 
pliocene forms (with the exception of the doabtfnl genus, Oolouochelyi) all belong 
to modem Indian genera, and frequently to existing species, although their 
range is now frequently restricted to the more southern parts of India; in the 
pleistocene it is probable that all the forms belong to existing species, which 
still inhabit the same districts as their fossil ancestors. 

Class IY.-AVBS. 

Pliocene. — Remain* of lords have hitherto been found only in the Sub- 
, Himalayan Siwalik*, and in one instanoe in Sind ; their numbers are a fill very 
smalt florae of these remains Me in the British, and the others in the Indian 
Museum. Among the carinates, a tarso-metatareus has been considered to 
belong to a cormorant and is provisionally referred to the genus Graoulut. A 
species of pelican (Prieo aw» cautleyi), somewhat smaller than the living Indian 
P. mitratm, is indicated by a fragment of the ulna ; while another fragment of 
the same bane has been referred to a second species, under the nan* of P. #ws- 
lenti », but them is some doubt whether the generic determination is oorreot. A 
gigantic wader has been described, from the evidence of a sternum and tibia, 
under the name of Megaloteelorute ewalemii, and it is possible that the oon4yl#e 
of ft huiMf oi from S ind , measuring 2 umiimi in jimmttti msj Moag to tb& 
same genus. A species of adjutant stork, whioh appears to have had oontidm- 
able vari a tion s in use, has bon named ArgoJa falconer i. The R a ti t o appear tp 
bare beau wp ee aont e d by throe species, one of wh»h was a toys astffah (flhwfMt 
aeietiove 1 ), and is known by severs! bones of the lag and foot;aUdnorae five rim* 
vertebra. Tha second speoiea is an emeu (Droeumu riw ri sra ft, )taii» fadiOted 
* Tbs raw Aysln t ad w eseecswlha m iradpl. •* 
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by mnw toplmmi uiil* the third, whioh is sat »to ge »gri os lly AsfoWtfrmfli ** , 
considered to W% three-toed form, intermediate between the «Mf<nh ipd the 
ernes, end is only known by one of the bones of the foot, 

’ fcuss V.— MAMMAIgA. 

Eocene . — No traces o| m a mma l * bare yWi been deteoted hfte the so^sm, 
and there only some very fragmentary bones hove been obtained f*d|a the Paajjlb, 
The determinable bones consist of ,|fce distal portions of the femur and the met*?- 
tanas of » perissodnotylste uris*), allied fa if «** identical titfh, % pjhfa 
there and the astragalus of an The latter Atained above 

the nnmmalitio days of Fateh}** MRd Wkmftd to a (jWrtWy) ****#»> 
in which the naofonlar s^mM 4 sfowssite of the Hm* *«"» 

These specimens are in the Indian apnpBm. 

Miocene.— The only dafbitdy, d)|i*mined mireeue mammal la a rWfcoeeroe 
from the G4j beds of Sind, which is apparently a variety of M. timtimie, and has 
been named v. gajeneis, , 

Pliocene . — The primates are -known merely by a few fragmentary epsoteeM 
of upper and lower Jarre, with their teeth, and by one bone. The palatAof a 
female, and th e upper o**" 1 * 1 * of a male, have been referred to a large anthropoid 
ape, under tbo title of PolcBopitheous itwlsuw the genus seems to be a^i^d fo the 
orate, but is distinguished by the narrower form of the premOtara s this speci- 
men is in the Museum. The half of a palate, not improbably belonging 

to a species of Sermopithecue, in the British Museum, has been provisionally 
named 8. subhimalayanus. A lower jaw and an astragalus, the former m the 
Br itish Museum, seem probably to belong to a smaller form of Bmnopitheem, 
considered to be distinot fopm the former species. A species of Mowacur, larger 
than M. rhesus, is indicated by two fragments of the mandible, m the British 
Museum; while a second species, amaUer than*, rhesus, and i toown « M 
eivalmsis, is represented by two fragments of the maxilla, wi 

In HFr « 

greatly developed sagittal crest ^rj^^^^b-bons.) in the British 

o? 

somehmb-bones, and a low ^ ^ «*, 0 f F. bengalentie, is 

A«naller speoiesof ^egenim, awnt 

mdfoatsd hy a gramas ofthe n mndiM^ /aW ^ TmA) , apparent* 

aL^ssaw* ^■yAsr.ajs tzn 

T"* “ tE^nsSm^d by the hinder part of aamall 
foagaaeats of the jawaon the M vf* 1 "*- The genu* -F*#ed- 

ftnll, and part of the mandible m the Indian 

oforn., distiaguiahed from Fstt* by the P 1 ***"* * oocaawnauy mg*, 

1 Tb» nMouaoript naa* F. /HtlnoUgris, «*3M. 
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in place of two lower premolars 1 (although the ante-penultimate premotor is 
occasionally present as an Abnormality in FeUa), is known by a ramus of the 
mandible, in the Indian Museum, named P. eivalmaia; the spades was about 
equal in size to a small leopard. Among the civet-like animals we have a 
species of Viverra, said to be closely allied to the bring civet, and represented 
by two skulls in the British Museum, to which the name Viverra baker* has been 
applied. Ictitherium is represented by I. awaleme, of which the two rami of one 
mandible, a broken ramus, without teeth, of another, and a canine tooth are 
known, all of which are in the Indian Museum, and came from the Panjtb. 
The hyenas are represented by Hyaena aivaleneie, said to present relationship 
both to the Indian H. etoriata and to the African and European H. oroouta, of 
which there are numerous specimens of the skull and mandible in the British 
and Indian Museums. It has been proposed to separate some of these specimens 
under the name of H, feUna , a so-called speoies said to be characterised by the 
absence of the drat upper premolar, and by the minute size of the last upper 
true molar ; a large series of specimens shows, however, a great variety in these 
respects. Remains of a speoies of Hyaena have been described from the plio- 
cene of China, and referred to a distinct species. The dogs are represented by 
Oanis cautleyi, and 0. ourvipalatua ; the former closely allied to the wolf : portions 
of the skulls of these speoies are in the British Museum, and a specifically un- 
determined palate in the British Museum. The genus Amphicyon, distinguished 
from Coma by its plantigrade character and by the presence of an additional 
upper true molar, is represented by A. palcevnduma , of which the Indian Museum 
possesses several specimens of the jaws and teeth from Sind and the Panj&b. 
The bears are represented by the genera Uraua and Hycanarctoa : of the former 
there is a skull, without teeth, from the Sub-Himalaya, and a canine from the 
Irawidi* both in the collection of the Indian Museum. Of the latter there are 
two species, H. eivalenaia and JET. palmndtcue . H. awalensie has the molars with 
quadrangular crowns, and is known by a fine skull, the half of a mandible, and 
some limb-qones, in the British Museum ; and by numerous specimens of the teeth 
and jaws in t^ie Indian Museum ; a single upper molar from the newer pliocene of 
England much resembles the teeth of this species. JET. palcemdicua is known 
only by a single maxilla in the Indian Museum, and is distinguished by the 
triangular form of the crowns of the upper molars, which approaoh those of 
Amphicyon. Of the subursoid carnivores, the genus MelUvora (UraUaxus) is re- 
presented by K. eivdleneis,' known by a fragment of the mandible from the 
Panj&b, in the Indian Museum, and apparently very closely allied to the liviag 
speoies ; and the genus Males by a single speoies, of which there ia *l*o 
only a fragment of the mandible contained in the Indian Museum* Of the 
ottem, Luira palmindiea has been named from the evidence of a skull and tower 
jaw in the Britton Muaeum { and a second species seems to be indicated by* 
lower jaw from the Panjtb, in the Indian Museum. Snhydriodm, represented 
by S.flron, to a genus peculiar to the SiwaJiks ; the only known jpeeimsnft *** 
two skulls in the British Museum, a part of the maxilla in the^Bjpsenm at the 
Royal OoBegfrof Surgeons, and d mandible. The genua takes its name feom to* 

» Oooaakoftlly ft tabtrestor (rot motor U protest, «nd tfa* yearn tbssappSotoh** 
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affinity to the Befog *e*-otter (Enhydnu). The living (Sana i a h a b j t s the 
coasts of the Nerik'lecifie dating winter, and proceeds up the rivwf In summer; 
bnt it is probable that its fossil ancestor mast have been entirely a river-dwelling 
form. 

The Probosoidia era very abundantly represented, speoiee of nil the louwfa 
genet* or sab-genera being present. The Meet specialised genttk EuelephMt 
is re pro e an ted by E. hyeudrieue, of which the umbra nee of leas m^pMatrnntfere 
than those of A indiotlt. £sni» fa represented by b. ptanifrom, vsMMtaHa 
for being the only species of trne elephant in whfeh promoters ale known tpfaf** 
been developed. The genne or rafo>gS|$ue Stege&m, peculiar to Seuttejfasten Asia, 
is represented by four speoiee. Of these fee MotoS of 6. pony <Md 8. en eef ^ 
appear to be indistinguishable from one S&rihnr; the jfagll <4 the foiste*, 
however, of which them is a magtHfleftf fa IM MnmnM, fa 

distinguished by its enormous task*} nifle that of the latter, of which them are 
nnmerons specimens, by the peculiarly depressed form of the fronto-parietal regfaS- 
Molars of either 8. insignia or of the next speoiee, if notpf both, have been obtained 
from strata of probably pliocene age in Japan. The Mbfaro of the third sp tries, 
8. bombifront, are less complex than those of the preceding ; its skull has Very 
prominent frontals; remains of this species have been obtained from the pliocene (f) 
of China, and described under the name of 8. oriental**- Of the fourth speoiee, 
8. olifti, the skull is unknown, but the molars am still simpler, the intermediate 
ones' b— rteg only six ridges each ; remains of this species have also been obtained 
from Burma, Japan, and China, a tooth from the latter eountiy having been 
named 8. eineneie. Five species of mastodons are also known, threebehmging to 
the tetra-, and two to the tri-lophodont subdivision of thegpnns. Of the former, 
II. latidene approaches nearest to the stegodons, and, as it has open valleys, and 
the intermediate molar* occasionally cany five ridges, it affords such a complete 
transition between 8. oKfti and fae other mastodon. rimtitsro«nslughlypto*wblo 
that the generic divisions of the elephants and mastodons should^he swept away, 
and the whole of them included under one large geu«. The *nh of Jf. 

i. — . , it. . h... tm *T ** l*** ** ^ 

Himalaya, Sind, and Perim Island. M. penmen** ha* Hie molars rather less 
regula/than the last; there ie a fine skull in the British Museum, rnMita 

remuns have been found m the Panjtb ana r „ 

lophodont species, If. *ivaleneie, has the molars with an 
of the ridges, end occasionally presenting a tendency to a 
there is a fine sknll in the British 

—» j** 1 ,.* 1 ? .^SST n 21 SwA* tu5SJI 

5a. ,mLm by ..a,., 

ZZrt&ZZZ^c^****-***’ 

■ 1» -»• f— < 
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known: the largest of these, D. indieum, rivals in itse theRurpp^n D. Qigcmtom ®, / 
there are several specimens of the teeth and Jam m the Indian Museum, and also 
In the collection of the Brinbay Branch of the Royal Asiatic Society ; there is also 
a cervical vertebra, part of the mandible, and an upper molar in the British 
<fcn8onm; remains of this species have been obtained from the Panj&b and Perim 
Island. The second species, D . pentapotemim, is of smaller size, and has been 
obtained from the Panj&b, Each, and Sind; nnmeroos specimens of the teeth and 
jaws are exhibited in the Indian Museum, The last species, I). sindiense, is 
only known by two specimens of a part of the mandible, one from Sind and the 
other, lacking the crowns of the molars, from the Panjib ; both specimens are in 
the Indian Museum. The mandible in this species is subcylindrioal in cross- 
section, and thereby approaches the mastodons. 

Coming to the Ungulate, we find both the perisso- , and the artio-dactylate sections 
well represented, though the latter are by far the most numerous. Among the 
former, we have the rhinoceroses represented by three species of true Rhinoceros ; 
the first of these was a unicorn form, apparently very closely allied to the living 
R.javamcus (sondaicus), which it resembles in the form of its molars and the 
mandible. Skulls and teeth of this species are contained both in the British and 
I ndian Museums, and its tfemains have been obtained from the Sub-Himalaya and 
Sind. The second species, 22 . palceindicus, does not seem to come very near to 
any living form ; this species was also unicorn, and the mandible had two pairs 
of incisors; the upper molars are intermediate in structure between those of the 
living Javan and Indian species. Most of the remains of this form are from the 
Sub-Himalaya* and are in the British Museum. The third species, R.plafyrJmns, 
was of huge size, and furnished with two horns ; its molars are of the complex 
type of 22 . tedious , and its mandible has no incisors like the mandibles of the 
living African species, and the extinct 22 . paohygnathus of Pikermi. Remains of 
this species have been obtained only from the Sub-Himalaya, and are nearly all 
in the British Museum, where there is a nearly complete skull. All the above species 
have high-crowned (hypsodont) molars. It is possible that certain remains from 
the Bhfigti hills, now in the hands of the writer, may indicate a new species of 
the genua, with a mandible resembling that part in the existing African aperies. 

Imperfect molars of a species of Rhinoceros have been obtained from the 
pliocene of C hina, and described as R. sinensis. The hornless rhinooeroses are 
represented by the gigantic Aosrothertem perimense 1 , of which there ore a fine 
ekull and numerous teeth and jaws from the Panj&b* in the Indian Museum, and 
a magnificent palate and some specimens of the mandible, from Perim Island, 
tjx the collection of the Bombay Branch of the Boys! Asiatic Society; the British 
Museum also possesses a few specimens of teeth and jaws from Perim Intend. 
The genus (AaUcothsrhm, formerly classed among the artiodaotylates, bat now 
placed by many among the perissodactylates as a Hok between the ridnoceWWes 
and the pakwthersa, is represented by 0 . steal species presenting « 
peculiarly aborted dentition, and hence referred bysome toa distinct genus, under 
the name of Nestortihemm; it has been considered to be nesfrfy allied to 
c ms poefyjMhtftf* this aperies is of we occurrence, but fa* known by an 

1 Byn. Mhteoesm imHm sat B. pfaafaM*. * 
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aasoristefl as snjhfflyM mandible, is the Manumit St. Andrew’s Dsivmtfty; by 
the upper molare Smoh masdlta tod a mandate fn toe British Ifnwmu, rod by 
a few lower molars is toe Indian Museum. The latter sperimens Me fnun'Shidv 
end the ethers from the SuV-Himalsya. Another epewethx been jeeorihsil asfli 
the pUooene of China. It seems doubtful whither the genus Ibgritws occurs; the 
symphysis of a mandible from the Irawidi vaO*; has indeed beenjnferred to it, 
but the determination wumot be considered oerbain». 9oa*U ranefciPrt toafeem* 
hare, however, bees obtained dram the pftooene of China. The gewae .flfrkMim, 
sometimes referred to the pigs, ia- ropm e oatol % & f«Ntapf<«i»ta aM’fe'IMtt. 
toMt, the femsr being known by v #v« ml mdem, end the ttfftev Mr % M 
molar of email sine. All three tooth M» tfetetaed teem tjs# ttyltyfb, 
in the Indian Museum. j * 

The horses an represented by the gweeto J%fW il i i as > 

rion) ; of the former there ere tab Species, via., S. iwaZetfW] apparently ’'ehsttiy 
allied to the Tibetan kiang (». hemimu), bat retainiag coma ancestor ribaMto* 
tors, and JEF. womodtciM, more nearly allied to toe arising beret. Remriis'uf 
these species have been obtained from tbe Sub-Btbnaiaya, Had one speeds* of 
the genna from Perim, of which then are three molars in the Museum of Trinity 
College, Dublin. Of Hippotheriwn there are also two species, via., X. emMopimm, 
closely allied to the European H. graoile, and H. iMsMi distinguished by its 
superior sue, and toe form of its upper milk-molars. The farmer has been 
ob tained from toe Sub-Himataya and Perim Island, and than are numerous 
r emains both in toe British and Indian Museums. A fine skull from Perim has 


been reoently sent on loan to toe Tndian Museum, and is toe only known example. 
The latter has been obtained from toe Pan jib, Burma, and Perim Island, and 
most of its remains are in toe Indian Museum; it is not improbable that toe 


range of this species extended to China, where molars belonging to some form 
of toe genus have been obtained. Coming to toe artiodsotylatee, we have 
«mnng the bnnodont pig-like two species of Eippopctauuu, one of which, 

H. tivaUmtu, was of large sue, and furnished with six incisors in either jaw; 
toe other, E, vranatitnu, is very imperfectly known, hut nrrrrin to have bton of • 
small size. Remains of these species have been obtained from the Sub-Himalaya 
and the Irawidi valley. A large animal, Tetraconodon iHagnum, is known only 
by a b roken from toe Panjib, in toe Indian Museum, and of which 

there is a owtt in the Museum of the Royal College of Surgeons, and by* figure of 
the upper dentition. The mandible is remarkable for toe enormous sise Of the 
premolsrs, and indicates an animal allied to the European and Ame rican to rtfcty 
genna Bnteloion (Elotherium), but distinguished by toe peats* tola lit o rite 
of toe premolan, and the more regularly oWong form of the tone molars. The 
true pigs (tow) are represented by th*» species, the first of winch, 8. S*t**~>J* 
distinguished W its enormous sise; there is a nearly complete skull, with toe 
mandible attached, and with someof to# limb-bories, of this Sne aperies, as well as 
nonius ^ETwMns in toe Indian Museum, and a lerge mries of tea* 
and jaws in the British Museum, all of which have been obtained fry 
the Pia jib and Sub-Himalaya. The second species, 8. is smaller 


« Bmalas of lAttriodm h»r# bssn described m tbp*rui. 
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than the living wild-boar, and has been obtained fiom the Fanjdb, Sub-Himalaya, 
Perim Island, and Bind* The last species, & p%njakim*k % k of very email 
d im e nsio ns, and is only IcAown by two portions of the mandible from the Panjib, 
now in the Indian Museum. Hippohyus is a genus peculiar to the SiwaKfcs, 
^rhose molars present a remarkable complex arrangement of the oolomns, recalling 
the pattern of the molars of the bone j it appears to have been re pr e sen ted by two 
species, both from the Sub-Himalaya, and one of which has been named J2V an- 
{earn. Banitherium is another genus peculiar to the Siwaliks, and is represented 
only by 8. eoktagintumti, of which three fragments of the mandible are known, 
two being in Germany and the third in the Indian Museum ; all three are 
from the Panjib and Sub-Himalaya. The European miooene genus Hyotherium 
is represented by the molars of one species from Sind and Perim Island, which 
has been named H. smdiense; these teeth are in the Indian Museum. Of 
the selenodont pig-like animals, we have, among the group with five columns On 
the upper mol%rs, two species of Anthracotheriwn, and two of Hyopotcmw. 
Of the former, one species, A. eilirirenee , is of small size, and is known by three 
upper molars, and parts of the mandible ; these specimens have been, obtained 
from near Sylhet, the Panjib, and Sind, and most of them are in the Indian 
Museum. The second species, H. hyopotcmoidee , is of large size, and is known by 
an upper molar in the Indian Museum, from the Bhdgti hills, to the north of Sind ; 
some mandibles may also belong to this species. Of Hyopotamus, a small species, 
JET pohemdiOMS, is known by several teeth and one lower jaw, from Sind, in the 
Indian Museum; the molars of this species differ somewhat from those of 
typical species. The second species, E. gigantms, is known by an upper molar, 
and by some specimens of the mandible from the Bhfigti hills, now in the 
Indian Museum 1 ; the upper tooth much resembles that of Anthracotheriwm 
hyopotamoidee , and with that species forms such a complete transition between 
the genera Anthracotherium and Hyopotamus that it seems highly probable 
that the two should be united. Among the forms characterised by having 
only four columns on the upper molars, there are four peculiar genera, each 
of which is known only by a single representative. The best known of these 
is MeryoopatamtiM, represented by M. ditemiUe, a genus allied to the hyopo- 
tamids by the structure of its teeth, and to the hippopotamus by the form 
of the mandible; this species has been obtained from the Sub-Himalaya and the 
Irawddi valley, and there are fine series of its remains in both the British 
and the Indian Museums. A second genua, Hemimeryx> is only certainly known by 
an upper molar of somewhat similar structure to the molars of the last genua ; 
this specimen has been named H. blanfordi , and was obtained from Sind ;?it k 
now in the Indian Museum. Another upper molar in the same collection, 
also from Sind, has been named Bwmeryx ma utieneu, and indicates a smaller 
animal allied to the above. A maxilla with the upper molars, from the Gam 
hills, presented to the Geologioal Society, indicates another small animal of vtha 
|a n» group, to which the name Ohasromeryn dUetrmeit has-been applW. 

9 a 

1 CM* oJ^the teeth of thli tpeoiet and of A. igepoktmptdee will he fofind la the MM 
llaeeaa. the name* of theae, and of other tdenodoat Brine, are mentioned here fee Sri 
time, the memoir In which they are deeoribed bring etUlin the prat. 
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A single »PPW etotar fit „m Sind, in the Indian Motoum, belongs to tin American 
family Oroodmtidft sad ha> been provisioasBy referred to the gems Agrio- 
chant* ; it DB«ns to to tosy close to the American A. latifnm*. 

Among the true ruminants we ham the deer family •'presented hy several 
imperfectly known speoies, at least onset wfaiph tod large toaochtog antlers. Of 
these, Otrtm tripUdau had a large aooessg */f OflJnmn to the to stops, while ia 
a. limpiMdtm, a species as large as 0 . haihmiruamt, the umiirippj column 
is muoh smaller. to 0. tMmrit toe motors had veey lowerowne. The gem* of 
the tenth species, 0. tatatass, ie somewhat W. Ba ro e ta i ol then 
have been obtained from Has Piaiikiid tiw SiibBMisrii ml ail ingiiiy 
represented in the todi a n Museum* Tito ptous Doroath*rimt le r e p msento d 
by the two spedee D. «#«* and D. tilMw, of whtoh there am ttothte the tit ffc to , 
Museum, obtained from the Penjita A singie oggtor mpM to the ftjifhm 
Museum, from the Panjtb, seems tetelnng to a gtmus related to Patanmery* 
for whioh the provisional name Prt p t faw wspyc twalmtu has been proposed) 
it probably connects the true deer with the giraffe. The family (todpcmWAto 
which is taken to include both the giraffes and the ahtothams, is mpmsentod^by 
several genera. Iu these we have a true giraffe, distinguished as Oomskpawto l to 
»i volenti*, of whioh there are numerous teeth and a few hone* to the British 
and Indian Museums, from the Sub-Himalaya, the Fanjtb, and Festal Island- 


A species of Edladotheriwn, not distinguishable from JT duvemoyi of XuropA is 
represented fay a single omnium in the British Museum. Of four genera 
peculiar to the Siwalilct, the first, Vuhmthermn, is known by a part of the 
mandible from Burma, and probably by two upper molars, and seme brass 
from the Panjtb, all of whioh are in the Indian Museum. It seems to come the 
nearest of the four to the giraffe, and has been named V. iravatumm. The second, 
Hydatptiherum, ie known by two species, of which E. megaeephaUm is known by 
a skull and a large series of teeth and bones, all from the Psnjtb, and now 
in the Indian Museum ; it carried a massive common horn-base above the oeripnt, 
from whioh the horns took their origin. The second species,^ HT. grange, was 
larger and ie only known by the upper molars and the mandible, all from the 
Panjib, and now in the Indian Museum. It is probable that a cervical vertebra 
from in the collection of the Geological Society, belongs to om 

of the above speoies. The third genus, Bramatheriwn, is represented by A 
penmens e, of whioh the skull, teeth, mandible, and seme of the limb-bones 
are known s this speoies carried a pair of horns above the oocipnt, and a large 
common born base on tbs frontols. Its remains have bees obtained from Ferine 
Island, mTtto ora known skull is in the Museum of the Boyto College of 
Surgeons, the upper molars in the Bntish Museum, two fragments of thiyiiniiiHt 
in the latina Museum, and another, with the last true molar, in toe Mnae um of 
Trinity College* Du blin. The fourth genus ie the well "know u wmAwmsi 
represented by the one speoies, B. gigmtnt^ to which the ahull was furnished 
with two pairs of horns. Remains ofthis speoiwha^ be ra gtarnsd only fro m 
the Sub.Himataya eastward of the Panjib, and the British I**"* * 

magnificent series of them. Them has been much dmoussim to te 
position of the foregoing forms, J^eBrntoftonme, with the g»»oe, being eieetoiT e f 
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some with the stags, while SitoMerim and the two preceding genera art rftrnni 
with the antelopes. Tha resemblance of the teeth of all these animals it, however, 
ao dote that it oooma pre f e r able to akaa than all together in one largo family, 
owmaattng the dear with the antelopes. 

Of the antelopes, the heat known is the ao«ealled Antilope jpaMndi pa, which 
seems to have been closely allied to the Sooth African genus Dwmtte (BonteAok, 
and Sasaaby), and should probably be termed D. pakeindica; theta am two 
skulls in the Indian and one in the British Museum, all from the Sub-Himalaya. 
A skull from the same locality, in the Indian Museum, indicates a second 
species of antelope closely allied to the living Indian A. c&rvicapra, which has 
been named A. sivalmsi*. A third species, A. aoutioomis, is indicated fay Burner- 
ous horn-cores from the Panjdb, in the Indian Museum, and was probably a kind 
of gaseUe. A fourth species, A. patuhcomi* , has been named from a pair of 
horn-cores in the same collection. A species of Portaa is indicated by numerous 
teeth and a fore-limb, in the Indian Museum ; while other molars in the same 
collection not improbably belong to the genua Palaoryx, of the Fikenni beds. 
The oxen are represented by numerous species, three of which are here referred 
to one genus under the name of Hemibos, but have also been referred to two 
genera under the names of ProbubaUu and Amphibos ; the group is closely allied 
to, if not identical with, the Kving Celebes genus Anoa, which has been referred 
to it under the name of Probubalus celebensis. The first species of Hemibos is 
named H. occipitalis, and varies considerably in the form of its horn-oores, which 
are sometimes nearly straight and triangular in section, and at others curved 
and pyriform in section ; another variety is hornless. There are fine series of 
the skulls of this species, both in the British and the Indian Museums, all from 
the Sub-Himalaya. The second species, H. antilopvnvs, is also known by several 
Bknllfl from the tome districts. The third BpecieB H. ( Amphibos ) aonticorwis, is 
a long-homed form, and is also represented by numerous skulls, from the Sub- 
Himalaya* in the British and Indian Museums. Leptobos falconeri is a fourth 
form of ox, which was in some cases hornless, of which there are several crania in 
the British Museum. The genus Bubahu is represented by two species ; the first 
of these, B. platyceros (svoalensis), is known by one cranium in the British and 
another in the Indian Museum, both from the Sub-Himalaya; the hems were 
stout and concave superiorly. Hie second species is B. pbtoindwne, which 
occurs also in the pleistocene, if, indeed, the topmost beds of the Siwaliks in 
which it occurs should not be referred to that period $ this species is evidently 
only a race of the living B ami, and is very probably the same as J9L palUiti 
from the pleistocene of Dansig. One skull from the Sub-Himalaya, in the Indian 
Museum* belongs to a species of Bvbabis, and has been named B. swaMMis; it 
is the earliest form of the genus, and seems to have been allied to the 
European B. prisons. Of the true oxen (Bos), three species have been named? 

B. acutifrons , remarkable for its enormous home andangulatsdfrontals ; 
from, with shorter horns and flattened frontals, and closely allied tpt the Btawfpw a 
B. ptimigmius; and B. platyrKbnus, only known by the Itotorpalf of p tk&B 
of which the generic affluhaes hre doubtful. The latter specimen* as w w to a 
skull of each of the preceding species, are in the Indian Museum, and came ttma 
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the 8ub- Hlf ia hy » Speok* of Am op allied mmm are fadfoeteifmm Perm 
Umm at Trinity 

A ramnarkaUe iHfUlaw (kail, of comparatively large d ee , from {be Sub* 
Himalaya, in the mUeetirartf the British Museum, heah**a AmahbaA the 
«««<* Bocopra doefari; this skull come^wnm* to the aWb * «te«X 
while the stolen an of a bovine type, end, if toead aa9mmto{y,4g»ld oerteWfc. 
have been referred to some form of oamsu Then ia evidence <* Mm uetbrnW 

i _ xi . e. . a ...w m ■ . . * * -r— *r ™ J v 


true goats, the diet of ^hioh, <%ru dnM ie know* by two sktfftte tt* 
Britieh Mneenm, from tibe 6wb-%wi>»» »4 S$ mmUmd th be djjK *he 
jharal at thtr NilgWiaa (, and net impmt|»fr htie*g» tp 
the same genua. The second ape** O.pmdnuuih k known hWaporttoaMijI 
skuU in the Indian Museum sad ww pt^hfr aBiad tiS 


■2ml %* 


idoutfsho* 


living markhoor (0. falootmi ) of 1 
a spiral twist. The third species is U u mtone d, siaftiTit* hom-coros, of Which ffi» 
Indian Museum possesses numerous specimens from thePanj*b, are so Kfce tfepre 
of the markhoor that it is difficult to point out characters of spftpfcfic dicfchufttau 
with the materials available ; it is possible that tJM horns utey belong to ipdor 


individuals of 0 . perimmuis. It has been stated that a cranium from the Sul b- 
Himalaya, which is not now forthcoming, belongs to the living Himalayan ft*x 
(0. stbirica), butthis determination requires confirmation, although it ip highly 
likely that the specimen may have belonged to an allied species. Aflfttfticr 
cranium, also lost, has been inferred to the genus Owe, 

A species of ohevrotain has beau determined from the evidence of a single 
upper molar, from the Panjfb, in the Indian Museum, under the name of 


Traguhu nvalensie. 

The oamels are known by Oamelus nvaleneis , which presents a peculiarity in 
the structure of its lower molars, connecting it with the llamas (Auchenia) of 
America. Bemainsof this species have been obtained from the higher beds of the 
Sub- Himalay a* Siwaliks, and are well represented in both the British and Indian 
Museums. 

The remaining orders of the mammalia are only represented by a few species 
of rodents, and by one edentate. Of the former, a species of jafc (MW) is 
indicated by some incisors from the Sub-Himalaya. ▲ species of bambd-rat 
( Bhigomy twcdenns 1 ) has been determined on the evidence of three specimens of 
the mandible from the Panjfb now in the Indian Museum. A porcupine 
(Hyttrix twaUmtii) h known by a part of the cranium and the mandible, the 
former being in the British end the latter in the Indian Museum ; one u from Km 
Sub, Himalaya and the other from the Pujft* 

The edentate* are known by one gpeoiea of pangolin, Mania tiadumtit, named 
on the evidence of a solitary phalangeal bone from Sind, now in the Indian 
Museum. The apeoiee moat hays been about four times the aiee of the hying 
spsufsduc4tf lus. 

Pleitbem*. Coming to the pWatooene, we find that it* mammab are Mi 

lees well known than thoee of the plioeene. As the pleiatooene ossiferous etaahe 
are diatritated L ystohee, yery frequently in the valleys of the great rivew, the 
t JMhabl, (WwMU TffJMeo at fskwesS. 


o 
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remains from the mate important of these arees must be treated of seperataly. 
The most important areas me parts of Madras and the Deooan; the valleys of 
the Jumna, Narbada, Pemganga, Krishna (Kistoa), and GodAvaai, with their nu- 
merous tributaries, and the plains of Hdndes in Tibet It is also not improbable, 
rip already mentioned, that the topmost strata of the Sub-Himalayun Siwaliks 
should really be referred to the pleistocene. In many instances, as in the delta 
of the Ganges, it is difficult, if not impossible, to draw any satisfactory Hue of 
distinction between the pleistocene and the prehistoric deposits. The presence 
in any stratum of the remains of Hippopotamus, or other genus not now found 
living in India, is considered as fair evidence for assigning snob deposit to the 
pleistooene. 

From the laterite of Madras paleolithic implements and a human platycnemio 
tibia have been obtained, and are assigned to the pleistooene. 

From the alluvium of the Krishna valley, in the Deooan, a part of the skull 
and the mandible of a rhinoceros have been obtained and described under the 
of Rhinoceros deccanensis. This species seems to be more nearly allied to 
the living African and the pliocene European species than to any living Indian 
form. R emains of an ox, not improbably Bo* ncmadiou * , have also been ob- 
tained from the same deposits, and, with the last-mentioned specimens, are in the 
Ipdfon Museum. Certain molars of the pliocene Mastodon pandionis from the 
Deooan, and now in the British Museum, were not improbably derived from the 
eame deposits in the upper part of the Krishna basin. 

From the ossiferous gravels of the Narbada palaeolithic implements of a rude 
form have been found associated with mammalian bones. The carnivora are 
represented by a small species of bear ( [Ursus namadicus ), of which there area 
and a tibia in the British, and a canine in the Indian Museum; and a 
large species of Feli* is indicated by the distal extremity of a femur in the 
former collection. Of the Proboscidia, there is Buelephas namadicus, charac- 
terised by its prominent frontal ridge, and whose molars very closely resemble 
those of the European B, antigwis, from which resemblance it has been thought 
that the two forms may belong to the same species. The Indian species has also 
been obtained from Japan. There is one fine skull in the British Museum, and 
three skulls in the Indian Museum. Stegodon is represented by S . ganesa, of 
which there is a fine tusk in the Indian Mnseum, and very probably by S. insignia. 
The perissodaotyles are represented by Rhinoceros indicus , of which the Indian 
Museum has two molars, and by a little-known extinct form to which the name 
R. namadicus has been applied ; them is a scapula of this species in the last* 
named collection. There is also a species of home, Bquus namadicus, which 
seems to be a survivor from the Siwaliks. Among the Artiodaotyla two sfheies 
of hippopotamus wem Originally described under the names of Hippopotmm 
namadicus and H. palamdicus ; the farmer having six, and the latter four, isHdaop*' 
Spe cimens in the Indian Museum seem, however, to show that them is a ttAMt- 
ition in these respects between these two so-called species, and a U the remains 
have accordingly been referred to pdksMdcus, which was Waprotoddat in 
some iddividiUs, and totmprotodontin others, ffhe pigs seem to hate beeumpm- 
sentedby Bus giganteus , another survivor from the Siwaliks. Remains of a deer 
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apparently PT ligM i>, if no* identical with, % living Indian Omm dm mcM , 
have bom obtaivUi aad ffewe ia aoaaa evtiMna df a aeoond apaciaa. Thaw 
spacies of oxen bare been described, «**., JBm iMwaadtoew, a species thawing mow 
affinity to the Aaiatio gent* Bibo*, of which there ia a ttagnifioent draEin the 
Indian Mcaenua ; Bubalut fakwtdxem, also occurring in the topmost SiwaKto, aHit 
the ancestor of B. ami ; and Lepiobot fraimi, which wee areni»Weai|hoK>Iaaa» Mil 
is repseeenhed by some fine akolla ia the British Moaawn. A apMl* of Kilghijii 
of whioh there are two tanfe* mmh in the aaaate ooUsotjcm, has heeo pwo# 
Portam namaditm t it ie dh ti ngniihed feat the bring aperies, among *00^ 
raoters, by the hotna being ph» j| U aaa »a r to the «Asta. Tim in ha w la ** unity 
known by some iaeisore ia the ffietttft Kosetun, probably lalonging to * 
species of Mus. # * 

From the pleistocene of the Jfefem volley onfe four nfewilllfehi hav* been 
specifically determined with any certainty, m**, %mUpha$ mms^kmtt J M> a h a 
palfmndieusy Hippopotcmus palmmdim, end the liyjng Anfcfapt omricapra} the 
latter being known by a single horn-core in the Indian Museum. In adjfi t faft to 
these, remains of a species of Semnopithecus, 8tu, Ptoicm, Mm and of * 

Rhinoceros furnished with lower incisors, have also been obtained* A tiger, as 
large as the existing species, is indicated by a soapho-lunar bone in the In d ia n 
Museum ; this species was veiy probably the same aa the Narbada form, and may 
have been Felis tigris. 

The pleistocene of the Pesnganga valley has yielded remains of Bos nama- 
dicus, a Portam , and Hippopotamus palasmdum * 

The remains from the GodAvari deposits have not been satisfactorily de- 
termined. 

The horizontal lacustrine strata of Hdndes in Tibet formerly classed as 
Siwalik, bat whioh are more probably of pleistocene age, have yielded a small 
number of wfl.imnfl.iia.Ti remains* Among these is a tooth referred to a species of 
Hyama. Bones to Borne form of horse have also been obtained, among 

which a canno n-bone in the collection of the Geological Society belongs to a 
species of Mippotheriwn, a gexms elsewhere unknown in the pleistocene. Several 
of the limb-bones and the fragment of an upper molar of a rhinoceros are also 
known, but they are too imperfect for specifio determination. The other known 
fossils b elo ng to ruminants, the best preserved of whioh is the greater poilif® 
of the skull of an antelope, provisionally referred to the living Tibetan genus 
Pa/ntholops, under the of P. hundesiensis ; this specimen cannot now be 

found, but is figured in Boyle's “ Illustrations of the Botany of the Himalaya 
Mountains-” There ia also a skull said to belong to some genus of bovine animal; 
another to a goat resembling the markhoor (Oapra /sbptoi) s and a 

palate, in the c ollec tion of the Geological Society, doubtfully refereed to a 


sheep (Ow). 4 , 

It mav be that remain* are stated to have been obtained 

from a cave in the KartoH district of Madras; these remains Have, however, never 

been described, and cannot now be found. _ 

Prshistorie.^ The prehistoric deposits, as already said, have to m*n T cams 
not yet been s^bssfeotorily separated from the pleistocene, and the very local 
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occurrence of vertebrate remains in the tomer renders ibis point of dcnbtrae 
not likely to lie soon cleared up. Any old alluvial deposit in which bones of mfy 
Hying mammals oooup is hette provisionally referred to the prehistoric. 

Human remains end neolithic implements have been obtained in the aflu- 
vinm of the plains in many localities, end frequently at oonsideSable distances 
Ddow the surface; the former are generally very imperfectly preserved end bare 
never been carefully examined. Polished celts are extremely abandon* in many 
place* and particularly in Burma and the Banda district of the North-West Pro- 
vinces. The pSevaiUng types are elongated forms with oval section, wedges, tnd 
the “ shouldered ” form. Among the mammals specimens of the teethed jaws 
of Macacus rhesus from the allavinm and turbary of Goalpdra, in Assam, and 
from Madras are exhibited in the Indian Museum^ those from the former 
district being in a highly mineralised condition. Molars of the Indian elephant 
occur at considerable depths in the alluvium of the plains and of Burma. A 
last upper molar of Rhinoceros indices, in the Indian Museum, was obtained 
from the turbary of Madras, and indicates the former extensive range of this 
species. It may be observed, in passing, that the range of the other species of 
Rhinoceros was probably much more extensive than at present, even in the 
historic period, because it has been inferred that the species killed by Akbsr 
on the banks of the Indus was R. javanicus ( Sondaieus ), this inference being 
founded on the improbability of its being possible to kill R. indicus by means of 
arrows, with which Akbar’s animals were destroyed. Bus indicus has also been 
Obtained from the turbaries of Madras and Calcutta. Antlers, horn-cores, and 
teeth of undetermined species of Bos and Oervus have been obtained from the 
alluvium of various districts in the plains, and from raised beaches in Kattiaw&r; 
some of the latter deposits being probably in part of pleistocene age. 

General . — Of the mammalia as a whole it may be observed that those of the 
pliocene are characterised by the great number of forms belonging to the orders 
which include animals of large corporeal bulk. Another notioeable point is the 
admixture of genera characteristic of modem Africa (Hippopotamus, Qamelo- 
pardalis) and other parts of the old world (Bos, Copra , Ursus, Equus , etc.) $ of 
oligooene, mi ooane , and pliocene Europe (Diintherfom, Anthracotherium, Hippo* 
thorium, etc.) with those now peculiar to Asia (Euelephas, Rhinoceros [in its restrict- 
ed sense] etc.). Among orders which have now diminished extensively in numbers 
in India, the Froboaoidia stands pre-eminent, its fourteen SiwaEk r epre s enta tives 
* having now dwindled to one. The perrissodaotylate Ungulate have also diminished 
considerably, the modem toms inhabiting India and the adjacent countries being 
fira and the extinct eleven or twelve. The artiodaetylate modification has ptthap* 
sniftered a staB more serious diminution, especially among the pig-tike tnimstb i» 
which the whole of the sdeuodont group tike Merpcopotamus and 
has completely disappeared, while their congener, the Uppopotamu* is new con- 
fined to Africa, and the Indian* wild-boar and the diminutive tend keg (FotoW 
are the sole representatives now rapiaining. ThemtoaN*^ 
representatives, either entirely (Si^hervm»)xxbj tran«toen<mtdAJbioa<€ioei#* 
pardaMs), a ad some of their smaller toms me oenridessd to be uWWI to South 
Indian (HmUrogw) or South African tom (lkmK*h w Wh ether* tors ritojf* 
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been exolu*ively<!lJ84»Oi, The diminution 4ft anatom of the ruminants 

cannot be olearfy MidMI owing to the muwbei* of small forms now fftMtag , 

« 1 4~_. il . Mi .. m m .m “ 


when analogues oonatt to dststttinad in the Shralite. Similarly, owing to the 
poverty of the remain* of tbfc other orders, and of the almost total absence of the 
micro-matninalm, comparisons cannot be i nstitu te d between the numbers of too 
recent end fbeefl species, belt enough toe been indicated to show that modem 
India toe only the impoverished remains of a owe extensive faftjto of mighty 
forme. Begavdiag the mage in afamwf tto Siwnlik forma, it k probable thtotbie 
was onoe very exteudta, as weAa#jMao«f the igwcies ranging as for a»Sbtoa 
and Japan, and it toe own been a ngg ia tld that oat apeato ( Ey m a rt h t s te a l — fr) 
occurs in the pliocene of Engtead. tone tomfottm «f eome of tin ether oom—o 
SiwaHk or Indian genera, although oonddeMtd to to i pn ttn a ll y dfatinet, haveaho 
been obtained from China (ag„ ( 7to^M to toW> MMmme, gbyte*, end Jfr— ), 
It may also be obeerved that the i i iDfo -li from Sind belong mainly to Eatofto 
oligooene and miooeno genera, while these from the Faajdb show a mixture of 
vuocme, pliocene, and existing genera; the two latter prevailing more extensively, 
as we proceed eastward dssy the Sub- Himalaya. Tltt high degree of evdlftiitot 
or specialisation of many of toe genera is a marked feature, and one strongly con- 
firmative of their pliocene age. Thus, it may be notioed that the rhinoceroses tod 
high-crow ned molars, and that in one form the incisors were absent and two home 
present ; while some of the tomae tod reduced their digits to one on each Kmb. 
The pip had weD-developed taste, the deer targe branching antlers, the oxen 
wide-spr eading home, and the oats (Machairodut) huge trenchant fangs. 

In the the majority of the larger forms tod disappeared, though 

a few of the extinct genera and species still lingered on Many of toe easting 
species were already in existence, or were represented by closely allied forme. 
Palaeontological history is, however, still silent as to the ongm of some of toe 
larger existing mammals, like the Indian elephant. Some new forms (*•?•, Bm 
JLxcu.) , which cannot be directly tawed back to pliocene ancestors, soma to 
have appeared and to have died out again before e pie no. 

In ttotattar period all the mammals seem to belo^ to emeting apeotate 
although the range in apace of some of them waa more extensive than at ] 
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mammalia . . Vm am 

ftumcrcftu 

Uvatfbm 


Pbihistobio, 


Homo (P b3n»> 
Mooaoat rbe*n* (Fe Cot.). 
Mnete phM i»diww» Lipno. 
Bhinoosg cs indices. Caviar. 
8na ladies* Cray. 


Cernu, »p. 

Boa,*P> 

. flan, ass drf. 


HBPTlLU 



88 


Records qf tie Geological Survey qfltuHa. 


[fttkxn. 


MAMMALIA 


BKPT1LIA 


mammalia . 


Pnuni . 


PBOBO 0 OZD 1 A 


UlTOVLATA 


Ro&sbtul 

Cbooodiiia 

Chblostia 


• . Homo, ap. 

Bemnopithacna, ap. 

Cm> namadkaa,F.ftC. 

HvnAi n. 

FeHa <? tigrii, Lin.). 

. • Bndephaa natntdicoa, F. & CL 

Stogodon ganeaa, F. ft C. 

(?) »■—■ Insignia, F. ft C. 
Mastodon pandlonia, Fait. 

. . Rhinooorot decoanenaia, Foote. 

■ - ■■ indiont, Cut. 

ap. 

Equua namadloua, F. ft CL 
Hippotberinm, tp. 

Sot giganteoa, F. ft C. 

Cervna (P dnraucelli, Cmr.). 
Bnbalnt paUaindicua, F. ft C. 

Bos namadieua, F. ft C. 

Leptoboa fraaeri, Rftt 
Portax namadieua, Rtlt. 

Antilop® oervicapra, Pallas 
Panthdopa (?) hundoaiensia, Lyd. 
Capra, tp, 

Ovia, (?) ap, 

. • Mu8 v ap. 

. Crooodilua, (?) ap. 

. . Fangabura tectam (Ball) 

Batagnr (? dhongoka, Blyth). 
Trionyx (P gang8ticua,CuT.). 


B. — THEBIOZOIC. 
a.— P xjoosfi *. 

. PmnUTB8 • • . Falttopltbecua airaleuaia, Lyd. 

Macaoua sivalensia, Lyd. 

ap. 

Semnoplthecua (?) tob-himalajanua, Myr. 

tp* 

CaaimrOBA • Folia cristate, F. A G. 



Macbairodos sWaUnaia, F. ft C. 
Paoudariorua sivalenais, F. ft C. 
Ictitherimn airalonae, Lyd. 

Viren* bakari, Bote. 

Hyena siralanaia, F. ft 0. 

Cania onrripalates, Boae. 

oautleyi, Boat* ,, 

f Anapblcycn paiaelxtdlooa, Lyd. 

Uraoa, ap. 


* The foma of the earlier pltocme art aurkad by » fl»aa <fl. r 
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hammalia . 


. ©nmwu 


Fboboogidia 


UM'QUli 


. Hj*u*teto» iM(n^ F* 4 c. 

— pilrtndlc ns, Lyd. 

Mwi rivihmii, F. 4 C. 
Hales, ip. 

Irntrapatandtoe, F.4C. 



• KmtephM kytadriwu, F, 4 0. 

insignia, F, 4 C. 

* 1,4a 

•»~^el«*P.4C. ’ 

~ tf?ik«fc>P,4C. 

* t p*mmk t F. 4 0. 

t «— »— —> jMidtaafr, Faic. 

f folooneri, lyd. 

t Dinotherium Lyd. 

t panlapotamia* | fata. 

— iadiOttB, File. 

. t Chalicotherium ■ivalflaee, F. 4 CL 
Bhinoceros palarindfena, F. 4 C. 

■ ■ — — pktyrhinns, F. 4 C. 

f aivaleneis, F. 4 C. 

f Aoerotherium perimenie, F. 4 C. 
Liatriodon pentapotamta, Falo. 
theobaldi, Lyd. 


(P) Tapirn* ip. 

Eqnua sivalensis, F. 4 C. 

■ ' — namadioua, F. 4 C. 
Hippotherium antilopinum, F. 4 C. 

theobaldi, Lyd. 

Hippopotamus iravaticoa, F. 4 C. 

aivtlenaia, F. 4 C. 

Tetmconodon magnum, Falo. 

Sot gigantona, F. 4 C. 
f — hyindricua, F 4 Ci 
— pnnjabieoaia, Lyd. 

Hippohyui aivalenaia, F. 4 C. 


ip. 

Banitherinm schlagintweiti, Myr. 
f Hyothariom tindienae, Lyd, 
f Anthnootberinm aUiitranw (Pant). 

f — — byopotamoidaa, Lyd. 

f Hyopotamoa palmindiooa, lyd. 

f — — gigantaua, Lyd. 

Merycopotamn* diaaimilia, F. 4 a 
CbcBromeryx aUiatranaia (Pent), 
f Hemlmaryx blsnfofdi, LydL 
f Sittmeryx aindianak, lyd. 

f Agriocboania, (>) «p. 

Cernia tripUdens, Lyd. 

- ...» si valensia, lyd. 
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.MAMMALIA . . UvauLASA • CgfM abapHcldon* lyd, 

— (P) lattdasi* Lyd. 

Dareathertam nugus, Lyd. 

mi** 1*4. 

Propalieoineryx abralansis, Lyd. 
Camelopardalis rirafauis, 7. ft C. 
Helladotherium duvernoyi, Wag. 
Yishnntherhun iraratlcqTn. Lyd, 
Hydaspithorium grande* Lyd. 

aegaoephalnm* Lyd. 

Sivatberhim gigantenm, F. ft C. 
Antilope (P Damalie) paleindlea, 7. ft C. 
-- - patolioornis, Lyd. 

— (P Gasella) poTTOcticornia, Lyd. 

* aivulends, Lyd. 

Pal reoryx, (P) ap. 

Portal. »p. 

Hemiboa ooclpitalia. Pale. 

■ ■ ■ acuticornla, Falo. 

antilopinua, Falo. 

Leptoboa falooneri, Rut. 

Bubalna platyceroa, Lyd. 

— - palseindicoa, F. ft C. 

Bison sivalenais, Falo. 

Boa aeutifrona, Lyd. 

— planifrons, Lyd. 

— (P) platyrhinua, Lyd, 

Bucaprs davieai, Rut. 

Oapra (P Hemitragna) air&lenais, Lyd. 

perimenaia, Lyd. 

ap. 

Ovia, (P) ap. 

Tmgulus aivalenala, Lyd. 

Camelua eivalenale, F. ft G. 



Rapranz 

Mua,ap. 

RhUomya airalenais, Lyd. 
Hyatriz aivalenaia, Lyd. 


k EjnRUTi 

. f Mania aindienais, Lyd. 

AYES . 

. Camsxatm 

. Gracnlua, (P) sp. 

Peleeanua oautleyi, Dav. 

Megaloaoelornia aivalenaia, Lyd. 

t (?) iP 

Argala falooneri* M. Bd. 


R Ainm . 

Strathio aaiatioua, M. Ed. 
Dromsua aivalenaia, Lyd. 

Gen. non dti. 

BSPT1L1A 

. CaOOQDZVA . 

• Grooodilna, palnatHa, Item. 
GbaHalia gangatioua , Gmel. 

* 


leptodas, 7. ft a 

t > oraaaidflni, 7. ft 0. * 


LlCMTJXH. ► 

Varamxa aivalenaia, Falo. 


Opbedu . 

. f Python (P molnrua, Lin.). 


Oinoxu 

Cekoaocbelyi atlas, 7. ft 0. , 



PAST 8.] 
BEPT1LIA 


PISCES . 


MAMMALIA 

MAMMALIA 
BEPTILIA 
AMPHIBU 
PISCES . 


BEPTILIA 


PISCES . 


Ltdbkkeb : Synopsis of the Fossil Vertebrate <f India. 


. • . . T*tado(I)E,*. 

Belllt afotasb, Theo. 


Damonia hamiltoni, Gray, 
Emy^ ap* 

Cantkya ammliger, Tbeo. 
BuigabviMk tm&nm (Bell), 
t Badagnr, ap. 
f Wonyx, ap. 

Esayda vfcurta* Pat 

. . EiifiroBBAKonn . Cirthariaa, *p. 

TAty nn gp. 

TslsOBTK . . . fefc^yureitipSyk. 

▲rln% if. 

G*o, non. dot. 


. USCWLATA 


. Rhinoceros uvalanaia v, gajenaia, Lyd. 


c. — E oohitb 


. Uwgulata 

. Cbooodilia 
Chsxovxa 
. Ajtouba 


. Klaskobbavohii 
Tbleoatm 


(P) Palaeotheriuro, sp. 
Artiodactyle, gen. mm det. 
Gen. non dot. 

Hydnspis leithi, Carter. 
Oxygloeaua pnaillas, Owen 

(?)«P. 

Myliobatis, ap. 

Diodon foleyi, Lyd. 
Capltodus indicuB, Lyd. 
Gen. non dot. 


Q. — BAUROZOIC. 


Cmtaobous. 


. Ddtobaubia 


Cbooodiua 
Casio via 

lOHTSYOBAUBIA . 
• SXABXOBBAJTOHn 


Mogalowiarus, sp. 
Titanoaaurua blanfordi, Lyd. 

— indicus, Lyd. 

Gen. wen dot. 

Gen. won dot . 

Gen. non dot. 

Ichthyoaanrui indicui, Lyd. 
Corax inciaua, Eg. 

, prietodontQBf Ag. 
Enohodna aerratua, Eg. 
Lasnna comjdanato. Eg. 

— tigmoidea, Eg. 
OdontaspSa conitriotna, Eg. 

— oxypeion, Eg. 

Otodaa baaalia, Eg. 

■— divergent fig. 

marginatua, Eg. 

■ , — minotna, Eg. 

■ ■— nanua, Eg. 

— aemiplicatua, Eg. 
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J^eeord* of the Geological Survey of India, 


[voi. xn. 


PISCES . 


. BuBKOsauwan . Oiyrhin. trimyaUrii, Bf. 

' 1 IP- 

Ptycbodne lattadmua, ig, 
Bph ynenodua, (?), ap. 

OnroisBi . Pycnodua (P), tp. 


REPTILIA 


AMPHIBIA 


PISCES . 


ft.— JUBA-VBXAS. 


. Dhtobaubia 
Cbooodilia 


Laobbttlia 
Dicynodoutia . 

Plbsiobaubia . 

, Labybutthodohtia 


. Ganoidbi 


Ankiskodon indiona, Has. 

G On. non d*t. (Chari gp.). 
P&raanchua hialopi, Hu. Mas. 
Gan. non det. (Rewah,). 
Hyperodapedon hnxleyi, Lyd. 
Dicynodon orientalia, Hnx. 

ap. 

Plesioaaunu indiona, Lyd. 
Brachyopa laticeps, Owen. 
Gonioglyptua longiroatria, Hnx. 

. hnxleyi, Lyd. 

Glyptognathua fragilia, Lyd. 
Pachygonia ineurvaia, Hnx. 
Archegoaaorua, (P), ap. 

Gen. mom del. 

Ceratodna 1 h utopian na, Old. 

■ ■> ■ ■ ■ ■ honterianoa, Old. 

■ ■ t ■ virapa, Old. 

Dapedina egertoni, Syk. 
Lepidotna brevicepa, Eg. 

— — c&lcaratoa, Eg. 

i. Eg. 

* — longioepa. Eg. 

paohylepia, Eg 

Tetragonolepia an alia, Eg 
' ' " ■ oldhami. Eg. 

' ■ rugoaua, Eg. 

Gen. non det. 


D.— ICHTHYOZOIC. 

Cabbcmxfibous. 

0 PISCES . . . Gaitoidii . . Signs odua dttbina, Waag. 

Poeeilodna paradoxna, Waag. 

Paephodoa indiona, Waag. 

Sanriehthya indiona (P), De Eon. 
ELASHOB&iVOaxz . Helodopaia elongate, Waag. 

— abbreviate, Waag. 

Peammodna, ap. 

Petalorhynehna Indiana, Waag. 

Xyatraoanthoa graoUia, Waag. 

major, Waag. 

■■ gigantena, Waag. 

Thanmataoanthna blanfordft, Waag. 

Aerodna doming!, De Eon. 

— — ap. 

& Following Profeaaor MlaU (** Monograph of the Slrenoid a ad Croaaopkrygtom QtfaoMa* ” F a ln oa toyr ap tl c al 
Society, 187 ft), the order Dipnoi ia merged with the Oanoldel. 
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PABt 8.] Ltd mtuw s Sfnoptie of the Foaeil Vertebral* India. 

ALPHAJIBTKtAL. AND SYNOPTICAL LIST Of 8PBGIB9, 
ARRANGED IN CLASSES 1 . 


Cun L — PISCES. 


Acrodua flemingi, De Kon. . 

ap. • 

Arina 

t Baganaa yarrelli, Sykea 

MAm boffmricu, Syk, 
Capitodua Indiana, Lyd. 

Carchariua, ap. . 

Ceratodaa hialopianua, Old. 

■ — hunterianus, Old. 

virapa, Old. 

Coras inoiana, Eg. 

priatodontua, Ag. 

Dapedina egertoni, 8yk. 

Diodon foleyi, Lyd. . 

Enchodua serratus, Eg. 

Helodopaia abbreviafca, Wnag. , 

elongata, Waag. 

Lamna complanata, Eg. 

aigmoidea, Eg. 

«P 

Lepidotua brevicepa, Eg. . 

c&lcaratus, Eg. . 

deocanenaia, Eg. 

— loogioepa. Eg. . 

■ ■ paobylepia, Eg. . 

Myliobatia, ap. . 

Odontaapia conatrictus, Eg. 

■ oxypeion, Eg. . 

Otodua baaalia. Eg. . 

divergena, Eg. 

— 1 1 marginatua, Eg. . 

minutus, Eg. 

* — nanus, Eg. . 

— semiplioatua. Eg. . 

Oxyrhina triangnlaria, Eg. 

~ ap. • • • 

Petalorhynohua indicna, Waag. . 
l’aoilodua paradoxus, Waag. 
Psammodua, ap. 

Psepbodas Indiana, Waag. . 
Ptyohodua latiaafaaaift Ag. . 


Salt-range 

Paitffl, and 8iad 
Sub- Himalaya 


PanjAb . 
Burma . 
Matert 


Trichinopoli 
Triiibi nopoli and 
Europe . • 

Kota 

RArari and Andamans 
Tricbiuopoll . • 

Salt-range 

H • • 

Trichinopoli . 


PanjAb . 
Trichinopoli 


Salt-range 


Trichinopoli and 
Europe 

Py«»oft H .(')«p. > . 

8»arichthf» IrileH (?). De Kon . 

T ” ' 

Sphyranodua, (P) ap. 

* gymainM fol trtkh onir mow ImygUatMO ,lT< m) ltrilMI 1WU «pwf. 

^ nrt 1«*U g^ jniollw t# Xo«l* « ^ 


Carboniferous* 

PUattgis 

High* pliocene. 

Eocene. 

Higher pBoeeoe. 
Trisa- jura. 


if 

Oetaeeoaa. 


Triaa-jura. 


Cretaceous. 

Carboniferous. 

* 

Cretaoeoua 

o 

Higher pliocene* 
Tnas-jnra. 


Eocene. 

Cretaoeoua. 


Carboniferous. 


Cretaceous, 


Carboniferous. 


Cretfeeeons. 
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Reeordt of the Geological Bund) of India. 


froth xn. 


Tetragonolepis anaBa, Kg. 

. Kota . . 

nyugWi 

JrWjJwnla 

" " 1 ■■ oldbami, Eg. 

• M ■ • • 

•i 

— — ■■ ■ rugosus, Eg. 

• N ... 

n 

Thamnatacanthoa blanfordi, Waag, 

. Salt-range 

Carboniferous. 

Xystraonnthos giganteus, Waag. 

• n • • • 

n 

gracBis, Waag. . 

• m • * • 

M 


. ii • • * 

N 

Clabb LL— 

AMPHIBIA. 


Arcbegosaurus, (?) ep. 

. Rjori gp. 

Trias-jura. 

* Braohyope laticeps, Owen. 

. MangH 

•» 

• Glyptognathos fragilis, Lyd. 

• Pkncbet gp. • • 

a 

# Gonioglyptus hnxleyi, Lyd. 

. n • • • 

H 


• •» • • • 

m 

Oxygloasoe pusillus, Owen 

. Bombay . 

Eocene. 

(Sana pueilla , Owen). 

meg. 

• i* . • 

n 

• Pacbygonia incurvata, Hux. 

. Panchet gp. • 

Trias-jura. 

Class III.— 

BEPT1LIA. 


# Ankistrodon indicua, Hox. .... 

. Pancbet gp. . 

Trias-jura. 

X Batagur (P dbonkoka, Blyth) 

. Narbada 

Pleistocene. 

BeBia statlensis, Theo. .... 

. Panjdb . 

Higher pliocene. 

*P 

• i> 

n 

* Cautieya annnliger, Theo 

H 

N 

# Colossochely* atlas, F. A C. 

. Sub-Himalaya and 



Burma 

M 

t Crocodilos paloatris, Less 

. Sub- Himalaya and 

Higher pliocene and 

(C. bombifrom , Gray.) 

(?) Narbada. 

(?) pleistocene. 

X Damonia b&miltooi, Gray .... 

. Sub-Himalaya 

Higher pliocene. 

(Bmge kamiUonoidee , Falc.) 

(Damonia hamiltonoidcs, Falc.) 

Dtcynodon orientalis, Hux. 

. Panchet gp. . 

Trias-jura. 

(Ptgchognathv* orUntalu, Hox.) 

X Emyda ▼ittata, Peters . 

. Sub-Himalaya, Ac. . 

Higher pliocene. 

(X oeylonmeie, Gray.) 

Emye, ip. 

• »i 

w 

X Gbarialis crassidens, F. & C. 

. Sub-Himalaya and 


(Crocodibu eraeeidene, F. & C.) 

Sind . 

Pliocene. 


(Leptorlgnehm crtusidene, F. & C.) 
• gangetictM, Gmel. 

(Leptorhyuckue gangetiene, Gmel.) 

- leptodus, F. A C. 


(Leptorhgnchu* leptodu 9, F. A C.) 
Hydraspis lcithi, Cuter .... 

(T*t ndo leithi, Cuter.) 
Hyperodapedon huxleyi, Lyd, 

Ichthyosaurus indleus, Lyd. t , 

M egfdoseurus, ep 


Sab* Himalaya, Banna, 
Sind, and Perim. 
Sub-Himalaya, Burma, 
Sind, and Perim 
Bombay. • 


Trias-jura. 


X Faugihura tectum, Bell 

(Emge tectum, Boll). 


UaWri and 
BewA . 

Triohinopoli . 

Triobinopoli and 

Sob-Hlm.U^i ud rngbrnfOtmi •»# 
XirMi. « ' 
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• Trite- jura. 


• Panuraobna hMotf, Hn*fc - 

• * • 

Plesioaanrua Indicoa, I <ycL . 

J Python (P molnrosp Lin) . 
Testndo, ap. Wf. « 

• TitanoMaras blanfordl, Ljd. 
Intel Lyd. 

% Trionyx (P gangeticue, Cut.) 
■■■■ — ap. 

Varanue ainlensii, F. A C. 


Denwa gp. 

TJmia gp. 

Pan jib and Sind 
Sab- Himalaya 
X*«m gp. . 

Narbada 

Sub-Himalaya 

m 


Cum IY.-AYES. 

Argala falooneri, M. Ed Sub-Himalaya 

(Leptoptilut fdUomri [M, Ed.] ) 

Dromceus aivalenais, Lyd. „ 

Omcalna (P), ap. „ 

Megaloeoelcrmie aivalenata, Lyd. . ,» 

Peleeanoa cantleyi, Dav. » 

(P) alvalenaia, Dav. .... „ 

Struthio aaiaticna, M. Ed » 

(8, palaindicut, Falo.) 


Jura, 

Pliocene. 

pUooona 


Higher p&ggdihl. 


pHooeaa. 


Ones V.— MAMMALIA. 


Acorotherium perimenee, F. ft C. 

(diteroi irovaUet w, Lyd.) 

(■ perimenii*, F. St C.) 

( planidmti, Lyd.) 

AgriobhoDroa (P) 

Amphicyon palseindicue, Lyd. . * 

Anthracotherinm hyopotamoidea, Lyd, 

-- ailiatrenae, Pont. 

(Okaromerym nlUtrentit, Pent.) 
(SkapaiUrium t tindimue, Lyd.) 
(A. /mqjabi*» 96 , Lyd.) 
t Antilope oervicapra, PallaeJ 

(A, bezoarctiea, Aid.) 

— ■ pdaindfaa F. St C. 

(DamaUs (P) palaindioa, F. A 0.) 
— " patulioornia, Lyd. 

-- ■ porreefcioomie, Lyd. 

(OoeeU* (P) pomoticoni*, Lyd.) 
Biaon tlvakatia, Falo. 

Boa aoutifrona, Lyd. « 

— namadieua, F. St C. 

— planif rona, F. A 0. 

— plafcyrhiima, Lyd. 
r (P)ap. ... 

Bramatherinm parimeute, Falo. • 

(te tei i i ap.* Owen.) 

Babaku palirindlona, F. St 0. . 

i platyoere^ Lyd.] . 

(B, § iwUntii, BSt.) 


Panjib, Burras, Pei im, 
and Sind . . Pllooene. 


Sind • . . Earlier pliocene. 

Panjib and Sind . Pliocene. 

Bhdgti hills . . Earlier pliocene. 

Sind, Giro hills, and 

Pax^jib • • m 


Jamna . • • Pleistocene. 

Sub-Himalaya . Higher pliocene. 


Narbada, do. 
Sub- Himalaya 
w 

rerun • • 


. HtgtepHoMM. 


Snb-Himd^n, Hn BiitepUMM.nl 

Ud^Ac. g Mtenn . 

Snb.BbMkr» . H%tepIio«n. 



[tol. xyu 


W Records 0/ tit Geological Survey India- 


* Bncapra davfcni. Bft t . . 

. Sub- Himalaya 

a 

Higher nlkmum. 

1 W 

Camelopardalis swalensis, P. 4 0 
(C. offini*, F. 4 C.) 

• Sub- Himalaya and 
Perim 


tt 

Camelus rirslentis, F.4C. 

. Sub-Himalaya 


«f 

Canis cautleyi, Bose. .... 

• w 


f» 

cnrvlpaletuf, Bote. . 

• a 


» 

Gspra parimansis, ttjd 

. Perim 


•f 

sivalensis, Lyd. .... 

• Sab-Hlmalaya 


M 

{Semiirafffu thabntu, Lyd.) 



9» 


It 

«P 

. Tibet . 


Pleistocene (P). 

t Germs (F darsnoelli. Cuv.) 

. Narbada 


ft 

(P) lstidens, Lyd. .... 

. Sub-Himalaya 


Higher pliocene. 

- simplickieiis, Lyd 

m 


t» 

— ■ tivftlensU, Lyd 

• tt 


at 

— — triplidens, Lyd. .... 

M 


ft 

Chaliootheriam sWalense, F. 4 C. 

(AnopbiAprimm livafaue, F. 4 C.) 

. Sub-Himalaya and 
Sind . 

t 

Pliocene. 

(Nettoritherium tivoUnte, Wag.) 

ChcBEwaaeryx silistrensis, Pent. 

. Giro bills 

, 

Higher pliocene. 

(AutAracotAertum rilittrense. Pent.) 

Dinotberium indicum, F. 4 C. 

• Psnjib and Perim 

, 

tt 


• Panjib, K£ch, and 
Sind . 


Pliocene. 


• n 

. 

» 

Doroatherium jnajus, Lyd. 

. Pftiyib 

. 

Higher pliocene. 

{Mtryeopoiamus mu we, Fate.) 

- minus, Lyd. 

• »t • 

. 

tt 

• Rnbydriodon feroz. F. 4 C. 

. Sub-Himalaya 

. 

tt 

(B. noal*nu, F. 4 C.) 

(Amgnodon, F. & C.) 

Equns naanadieus, F. 4 C 

(Jf. palapum, F. 4 C.) 

. Sub-Himalaya and 
Narbada 


Higher pliocene 

sivalensis, F. 4 C. .... 

. Sub-Himalaya and 
(P) Perim 


and plelstooeue. 

Higher pliocene. 

1 Euelepba* indicas* Ltn 

. Plains and Burma 

. 

Fnbiatarie. 

(ElepAat in&tcut, Lin.) 


• Sub-Himalaya 

. 

Higher pliocene. 

( Elepha $ hytudriom, F. 4 C.) 


. Narbada* 4o. • 

. 

Pleistocene, 

(Blepha* nmnadicut, F. A C.) 

Feli» erbteta. F. 4 0. .... 

• Sub-Himalaya 


Higher pliocene. 

(F. gramdicristata, Bose.) 

{F. palaotiyria, F. 4 C.) 

, 



(Unci* orutata, Cope.) 

— 

• tt. 

• 

M 

% (? tlgrU, Lla.) 

. Jamna and Narbada . 

n»iit.H>en> 

Hellsdotherium dureruoyi, Wsg. . * 

. Sub-Himalaya 

• 

wtgiiff piiooeca* 


• Hemlbes ecutloorais, F. 4 C. 

(Amphibos aouticomu, F. 4 C.) 
{^l^pioko* qpmticQmfa Fate/) 

. . . 

(AmfMm amtiUtfumt. F. 40) 
(&plofof tmtilopiMH, Fate.) 



MW *.] Lnunucut s Sgnoptu of tie Fossa Vertebrate <f T™«. 


Hemlboe ooeipitatti, 

(a. **i*m«*» t f. ft c.) 

(Be* otcipitmU*, Vile J 
(LepMee irigiMfcfeerto, Faic.) 
(PsrOo* o eeipUattt, Lyd.) 
(JVofeffchf* 6*t£a*fW*otm#, BUt.) 

• Hemimeryx blanfordi, Lyd. 

Hippopotamus Imntiotii, F. ft 0. 

(Sttmaproiodom ira eetow, F± ft 0.) 

■ ■ ■ — -**■ - »■ paUs&adioos, F. ft C. 

(IFeeajA'oiocfo* nomadic**, F. ftC.) 
{Hippopotnmm* aamadie™, L ft C.) 
(Tttoaprotodon paUnmdim, f. ft 0.) 

■ ■■ 1 — etvelensis, F. ft C.) 

(Hexaprotodon si vahuiu, F. ft 0.) 

• Hippohyni sivalensis, F. ft 0. * 

*P 

Hippotherinm antUopinum, F. ft C. 

(Sgmw aniilopinut, F. ft C.) 

(22. praoiU, Myr.) 

theobaldi, Lyd. . 

(^eattf^Hu theobaldi, Lyd.) 

(JST. graciU, Myr.) 

1 ip. . • . • 

• Hydaspitheriura grande, Lyd. 

— - megacephaluin, Lyd. . 

(IT. leptognathu*, Lyd.) 

Hywna sivalensis, F. ft C. . 

(H'ftlina, Bom.) 

mmm mmmmm P sp. .«*••* 

Hyamarotos sivalensis, F. ft C. . 

(Uma tivalenei*, F. ft C.) 

— palaeindicus, Lyd. 

(P Dinocyou) 

Hyopotamns giganteus, Lyd. 

• — palfti odious, Lyd. 

Hyotherium sindieose, Lyd. a • 

Hystrix sivalensis, Lyd 

Iotitherimn sivalense, Lyd. 

Leptobos fidconeri, Bdt . 

■ ■ 1 * fraseri, Bilfc. • 

Listriodon pentapotamise, Faic. 

(TapirUs pmiapotamia, Faic.) 

— theobaldi, Lyd. . • 

Loxodon planifrons, F. ft C. • 

(VfapfcM pla*tfro*t, r. ft C.) 

t Kmm rbeMa F. Our. . 

— - sivalensis, Lyd. . 

— sp. 

Maobairodns sivalensis, F. ft C. . 

(M.faloomri, PomeL) 

(M. palaindion*, F. ft 0.) 
(pmpamoden Heakmit, F. ft C.) 
Mania sindfenift, Lyd* • 


Sub-Himalaya . . Higher pUoeea*. 


Mod . BUtfier pDdeeeft 

Sub-Himalaya and 

Burton . pikMMi*. 

Narbada, lea. FtertoStM. 


ttab-Htaate;a 


Sub- Himalaya and 
Pei bn 

Burma, Prtim, And 
Sub-Himalaya 

Tibet . 
Sub-Himalaya 


mgner pliocene. 


Sub-Himalaya and 
Pan jib • 

Panjib . 

Bhtigti hills . 


Sub-Himalaya 
Panjib . 

Sub- Himalaya 

Narbada 

Panjib 


Sub-Himalaya 

Plains . 
Sub-Himalaya 


PleistooauC(P). 
Higher pOoceua. 


Pleistocene (P). 
Higher pliocene. 

w 

Earlier pliooen*. 

99 

•9 

Highe r pSoosne* 

99 

99 

Fkelstooeifts. 

pUdOUBS* 


Prehistoric. 
Higher pliocene. 


. Sind 


fc-naji plieeenft 



92 Record t qf the Geological Survey of India* 

[▼«.. XYI, 

Mastodon falconer!, Lyd. • • 

, 

. Pan jib * Sind 


Pliooena 

latidens, Clift . 

, 

I 

I 

Bur- 


< M. ehpkautoid*, Clift) 


ma, Ptaijib, 

and 




find . 

* 

99 

■- ■ ■ ■ pandlonis, Falc. • . 

• 

. Sub- Himalaya, Sind, 

Pliocene and pins- 



Perlm, and Deccan. 

* tocene. 


• 

. Sub-Himalaya, Sind, 




and Perim . 

, 

Pliocene. 


. 

. Sub-Himalaya 

. 

Higher pliocene. 

Meles, ap. 

. 

. Vm$6b 

. 

09 

Mellivora sivaleniis, F. ft C. 

• 

• a • 



( Urritacm* rtoals dim, F. ft C.) 





• Meryoopot&mus dissimilia, F. ft C. 

e 

. Sub-Himalaya 

and 


UK titalauU, F. & C.) 


Burma 

, 


(Hippopotamus dUnmtlit, F. ft C.) 

* 



Mus, sp. 


. Sub-Himalaya 

• 

Higher pliocene. 

— — ap. 


. Narbada 

• 

Pleistocene. 

Ovis, (P) ap. 


. Sub-Himalaya 


Higher pliocene. 

— .(?>• p* 


. Tibet . 


Pleistocene. 

a Pateopithecun stalensis, Lyd. . 


. Panjib . 


Higher pliocene. 

Pilmoryx, (P)sp 


. „ • • 


,* 

Palmotherhun, (P) ap. . 


• II • • 


Eocene. 

Pantholops, (?) hundesiensis, Lyd. 


. Tibet 


Pleistocene (P). 

Porta* namadiocs, Rat. . 


. Narbada, fte. . 


m 

— ap. 


. Putfft . 


Higher pliocene* 

PropaUeomoyx rivalenBis, Lyd. . 


• Sub-Himalaya 


99 

Itoudsditrua ahralenaia, Lyd. 


. Panjib . 


99 

Bbinoceroa decoanenaia, Foote. . 


. Madras . 


Pleistocene. 

J — indices, Cuv. 


. Madras and Narbada 

Prehistoric and 





Pleistocene. 



. Narbada 


Pleistocene. 

— — paleindicus, F. ft C. . 


. Sub-Himalaya 

. 

Higher pliocene. 

« siYalensif, F. ft C. , 


• Sub-Himalaya 

and 




Sind . • 

a 

Pliocene. 



. Sind . 

. 

XT, Miocene. 

Rhiaomyi srralensis, Lyd. . 


. Panjib . 

. 

Higher pliocene. 

((?) Ifrholodo* Falc.) 





* Sanitherhnn schlagintweiti, Myr. , 


• Sub-Himalaya 

and 


(Sut punlhu, Falc.) 


Fattfib 


99 

Semnoplfheeui sub-himalayeaus, Myr. , 


. Sub-Himalaya . 


99 



• Jamna . 


09 

Pleistocene. 

Sivameryx sbidlensis, Lyd. . 


. Sind . 


Earlier pliocene. 

• SWatherinm giganteum, F.ftC. . 


. Sub-Himalaya . 


Higher pliocene. 

Stegodon bombifams, F. ft C. . 


. Sub-Himalaya 

and 


(ft, oriektaUt, Owen.) 


(P) China , 

. 

n 


(Sbeplas bombtfnm*, F, ft C.) 4 

diftif V* A 0* • * • » • Lidia, Bonnie CbioAi 


(ft, sfaidifo, Owen ) 

and Japan . 

90 

. (N%*o#cM/K,F.ftC.) 


(Mastodon dspkaiUoider, Clift) 

. Sub-Htmalayi and 

Higher pliocene and % 

(BtyfaeftOMM, F. ft 0,) 

Narbada. 

pleistocene. 
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Stegodca insignia, F. A C. 

(XkyKu r. k C.) 

. §ob<Hlmalaya, Ja- 

Hiriai rifanausdi 

pan, China and (?) 
Narbada. 

(f) pUkkxatM. 

Sas gigaeteui, F. AC 

. Sab.Hlm*iaya and 

pigiwf piiooena ana 

(Bippopotammdo*> by d.) 

Narbada. 

(T) iilikirnrtm 

— faysarfrieu* F. AC. .... 

. SuUHimahja, Bind, 


and Perim • 


X — pradioai, Qwjr. 

(0. eriHat%t l Wag.) 

. Madras . 

V>nlilftt unit n 
p muisiunu. 

— purgabienab, Lyd. .... 

. Sub-Himalaya . 

Higher iHbmk. 

Tapirtu (P)«p. 

. Burma . 

to 

• Tetraconodon magnum, File. 

. Sa^Himalay* , 

to 

Tragnlua livalentb, Lyd. .... 

. P^4b . 

to 

Uraus namadicua, F. & 0. . , . 

• Narbada, dm . 

FMtl — me 

Bp. ...... 

. Sub-ffimaUj* . 

nig nor ptmtoi 

• Viahnutherium iravatlcum, Lyd. 

Burma and (?) Pan- 


j4b . 

,♦ 

Viren* bakeri, Bow .... 

(Canit sp* Baker end Durand.) 

Sub-Himalaya ■ • 

to 


Note on the Bijori Labyiinthodont-~2fy B. Iiydiuube, B.A., F.G.S., F.Z.S. 

As it is always expedient to correct erroneous determinations as speedily as 
possible, I have thought it advisable to publish a preliminary note regarding 
the large labyrinthodont skeleton from the Bijori group of the Gondwinas*, 
which haa recently come into my custody. Careful 1 development * has exposed 
a considerable portion of the palatal aspect of the skull, which was previously 
concealed by matrix. As I hope eventually to describe and figure this import- 
ant and interesting specimen, which has hitherto been considered as probably 
belonging to Arphegosaurwi, iz^ the “ Palmontologia Indies,” it will only be very 
briefly noticed on this oocasion. 

The skull, which is the only part that need now be mentioned, is triangular 
in shape, ftti ^ has a length of about II, with an extreme breadth erf 8, inches. 
The orbits ate oval and placed somewhat posteriorly. The teeth are smell, sub** 
cylindrical, and regular $ there are several larger “ tusks dose to the symphysis 
of the mandible, placed (as in Maatodcmtawrn, Labyrmthodon , sad Pachygonia) 
interiorly to the row of small teeth. This character aloirn shows that the specn- 
men cannot belong to Archegosawnu. The structure of the teeth eeems to be Ms 
complex than in the first three of these genera, hut mere so than in the Mb. 
The skull is greatly produced at its postero-extemal angles, and use large epoM 
cornua, therJET differ Mastodon***™. The ™nd *Mc heft 

no distinct TKwt-artiOTlf* process, but ft well-developed internal artumlftr bnttwse. 
The palaZLSIVgo ftnd ftpproxixofttoL ^ 

Except in the apparent absence of a dutrn ot y nUrtoriw p t mmto 
the skull SZm decided efflnity to the first diyia m of 
in that respect, however, it agrees with Lonomma, but is aispuguisbed by lb# 

i "Kanod,” pert l P* 1*** 

» See * British Bepe»^ W4* P* 
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characters of the teeth and orhita. The specimen -will a im oa t certainly have to 
be referred to a new genu*. 

It may not be out of plaoe to mention that in describing the lower jaw of 
Glyptognathus fragi Mi, represented in figure 1 of the plate accompanying my last 
notioe of Gfondw&na labyrinthodonts 1 , the specimen, from the presumed absence 
of a post-articular process, was inferred to belong probably to the Braohiopina. 
It should have been stated, assuming the correctness of the inference as to the 
absence of the process, that it probably belonged to the Braohiopina, or some of 
the subsequent sections of Professor MiaU's classification 1 . 


Note on a skull of Hippotherium antilopinum, by B. Ltdikkbb, B.A., F.GkS., 

F.Z.S. 

Among a small collection of Siwalik fossils from Perm Island lent by 
Hr. Theodore Cooke, LL.D., F.G.S., of Poona, and transmitted to me for deter- 
mination, there is a very fine example of the skull of Hippotherium antilopinum. 
The species was previously unknown from Perim, and this is the first known 
example of the skull. It shows the complete molar dentition of the left side, and 
is otherwise burly perfect : I shall hope to give a further description of it on 
a future occasion. 

The Lodge, Harpenden, Herts . 


On the Iron Ores, and Subsidiary Materials for the Manufacture of Iron, in the 
North-Eastern part of the Jabalpur District; by F. B. Mallet, F.G.S., 
Geological Survey of India . (With a map.) 

From time immemorial the Jabalpur district has held an important place 
amongst those centres where the smelting of iron has been carried on in the 
native method. Plentiful ores, extensive jungles for the supply of charcoal, and 
proximity to thioldy populated alluvial tracts of country, combined to give 
Jabalpur a commanding position in the old days, before railways had brought the 
native hearths into an unequal struggle with the blast-furnaces of England. Evan 
now iron is made on what, from the native point of view, most be considered a 
large scale, numerous furnaces being scattered over the iron-bearing portions of 
the district. 

The advantageous central position of Jabalpur, now that it is in railway com- 
munication with the richest parts of the surrounding provinces, is too great to 
have escaped notice with reference to the manufacture of iron on European 
principles. As far as was known, ores and flux were to be had in abundance, 
and the means for distributing the manufactured iron to the surrounding markets 
was at hand. But the often-experienced difficulty of keeping large furnaces »» 
blast with charcoal, and the absence of any available coal, wpre a deterrent to 
any decisive action. 

* * Records," Vot XV, p. 87. 

• "British Association Report." loo, ori. 
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Within theJ||t >«H| or two, however, the ducovwty of workable ooal by 
Mr. T. W. H. HSpba* in the im m ed i ate neighbourhood of Jabalpur district, 
has giyew s the question anew aspect* A line of railway from the new coal-field 
at TJmeria <to Mwwtrt' (Kfltw), on. the Swi Indian line) bee V i y pixipeMKl, 
and the,pw^minary survey* already executed. 

The question of fuel, then, being in a fair way towards a satisfectosy solution, 
it became important to ascertain whether the generally received opinion as to 
the abundance and excellence of tl* Jabalpq* exes wae fully borne out by ftet. 
I was consequently directed, in th* nearly petit of thfyyeai, to rift the more 
important places where iron was fa#** to occur, with a view tb forming Cat 
opinion as to the extent of the deposfa, aadtfa faslhility of working them, and 
to collect samples for subsequent analysis. Tty® question of flux and other tub# 
si diary materials was also to be loolmi ft*to. fhe following paper, In, embodies 
the remits of my work in the field and laboratory. 

The iron ores, for purposes of description, may be regarded with reference either 
to their mineralogical characteristics, their geological distribution, or their t#po- 
graphical position. The accompanying map, the geological work on which is 
mainly, and indeed, with reference to the area with which we ere more imme- 
diately concerned, exclusively, due to surveys executed by Mr. 0. A. Haoket in 
1869-72, shows the distribution of the different series of rocks. It will be seen 
that between the great spread of Vindhyan sandstones on the north and Deccan 
trap on the south, both of which formations are almost barren of any metallic 
wealth, there is a belt, some 30 miles wide, where a very varied and intricately dis- 
posed assemblage of rooks occurs. It is just here that the band of iron-bearing 
transition strata, which stretches eastwards for more than 200 miles through 
the Son Valley, comes in contact with the thickly populated alluvial belt 
through which the Narbadda flows westwards for about the same distance. Hence 
one of the most important advantages which the iron-smelters of Jabalpur have 
enjoyed. Hematite ores similar to those of Jabalpur are known to occur largely 
in the wild country to the east; but there are not the same facilities there for 
disposing of the manufactured product. 

The formations just mentioned include— 

Alluvium* 

Book Uteri to. 

Deccan trap. 

Lameta group. 

Upper Gondw&na. 

Ooal measures. 

Ttiohir group* 

Upper ^indbyans. 

Dower * 

Bij&war or transition series. 

Gneiss* 

The Bij&war aerie* and the rook laterite are those with which we are Dune 
immediately concerned now, for it is in them that nearly all the iron ore » oo*^ 
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twined 1 . By reference to the map, then, one sees at a glance the general Ue of the 
iron-bearing tracts, which m those coloured respectively purple and burnt rienna, 
although it is only in certain portions of those areas that the ores are found. The 
Bfjdwar ores occur more especially in the Pargsaaas Khumbhi and Gosnlpnr, 
will® the Pargana Bijerhgogarh contains the .greater portion of the lateritio 


0108 * 


Mineralogioally considered, the iron ores are ahnoet exclusively varieties of 
hematite and limonite (op red and brown hematite), the former being especially 
characteristic of the Bijawars, and the latter of the newer formation. They ^ may 
be classified thus— 


! 1, RematU* 
2, Limonite . 


* SohistoM hematite. 

Micaceous iron. 

• * Jasper-hematite’. 

Semi-ochreoui hematite. 
ManganiMhra* hematite. 


1, limonite 

I 

l 2, Hematite. 


/ HsolUae limonite, breaking with smooth con- 
^faoidal fracture. 

Pisotttic limonite, breaking with rough uneven 
fracture. 

Ordinary laterite, some parts of which contain 
t a high percentage of irou. 


Magnetite has been found in small crystals disseminated through the hema- 
tite beds of Sehora, but I am not aware of its occurring anywhere in such 
quantity as to entitle it to he included in the above list as an ore. 


BuIwab orh&. 

The Bij&war series has been subdivided by Mr. Hacket thus (in descending 
order) : — 

Chandardfp group. 

Lora w 

Bhitri » 

k Majbauli 

It is in the inferior strata of the Lora group (so called from the Lora tangs 
east of Sehora) that all the most important existing mines are sunk*. “ All the 
iron- workings," says Mr. Hacket " are situated near the base of the (Lora) group, 
where the quarts hands 4 are absent, and the rooks consist almost entirely of 
micaceous iron, or mixed with a few bands of clay. The Jauli mines are so 
situated, as also those of Mangels, and at Agaria in the Majgaon hills, and also 

1 tau ore also occur* in the Goodwin* bed*, but it ii "very Impure and requires much •elec- 
tion and cleaning ” end is “very rarely worth working (J. G. MedUcott, Memoirs, Geokgioel 
Survey of India, VoL It, p. *78). 

* * vm V loo. 

4 Her*, and subsequently, in reference to native operation*, I use the word 4 mine • to e x press 
an excavation wbefe ore is extracted, irrespective of its form. Underground workings ste rather 
the exception than the rule, the majority of the excavations being irregular open pits. 

4 Vide p. left 



pa w *.] Malut : Iron Ores, ke., in North-Emt«m pmrt ^Jabalpur. 07 

in the hill* owst of ' marble rooks This bradoirioH uon#ppwea to be y«y 

constant in tile Beotian, bat, being softer titan tbe rooks above, <» moftiy wors 
away, and covered by the alluvium, ordebmfrotntiasrK^of the harder rooks; 
but that the bead exists is ahown by tbe pieore of ri«d» iron gtrewli along Aba lito.*** 

A lew workings la tbe MajhauH bilb (near tito wester*’ edge oi tbe snap) 
are situated in rocks of the Bhftri group, bat these are o* very seconcbuy import* 
anoe*. 

ProbaWy the most extensively tparked cfeAer of retoea ia tbe dtotriotf «M, 
those situated in the group of low TUtmpthir 1 |f% <sstt% el 8arreK bfajgwji 

(8 miles aontb-eest of Sehore), ewft os the tom-bearing etnta tbe exposed 
there more dearly, and on a larger aaele, tbsse^i stay etiwr looshttee that I fca*ft 
visited, it will be convenient to take that neigfeboeurhood ae a stsertigg paibbln 
any detailed descriptions. 

The hill half a mile south of Agasi* (* reilea wetfesontiMreot qf Saumli) 
appears to be formed entirely of toe* ore. ThogCsata have 
t Jg* • onth of a low irregular dip towards the south. The l^mt beds, 
those on the south Bide of fins hill, where there are 
numerous pits, are of evenly laminated micaceous iron, iaterbanded With oecaL 
sional argillaceous layers. The rook is so soft that it can he powdered between 
the fingers, and is simply dug out with ordinary JcodaZia. But the greater portion 
of the ore, constituting the lower beds, is schistose hematite, which is harder than 
the micaceous iron, although easily worked on account of its fissile character. 
Numerous pits have been sunk into it also. There is a thin skin of laterite on 
the top of the hill, whioh is, in great part at least, and I believe wholly, due 
to alteration of the iron-schist %n situ. 

As this hill is about a third of a mile long, flat-topped, and wide, and not far 
from 100 feet high, the quantity of ore available by open workings, with tree 
drainage, is enormous. As a very rough estimate, the cubic contents of tbe MB 
may perhaps be taken at , or about four million cubic yards*, whioh is 

equivalent to about fourteen million tons of ore. Even then if a liberal deduction 
be made for possible concealed bands of useless rock, the re ma i ning figures wiB 
represent an immense amount of ore. 

A sample of schistose hematite from the northern side of the hiU yielded on 
analysis— 

Iron 08*afi 


Ferric oxide 

97M = 

Phosphoric sold 

*12 

Sulphuric add 

trace 

Sulphur .... 

traces 

Loss on ignition* 

*89 

Ignited insoluble residue 

1*1 

Alumina and undetermined 

*4 


100*00 


> ifH p, report* 1870*71. 

* Tbe product of die dimension. of the hill li dlrided by 8 to altar for the step* end 
imgolnidw, 

*XWa and tbs otter mi aatiyreS wsnairdrM. Thalpw w» taaMre 

h yp awe tf a recistofta, as w«U a* in tbs care of the byitem om, duireQy < J 
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In the low ridge which rune westward from Agaria a band of hematite mbUh , 

Bute* »t AeuU. s ? ver » 1 7 ard » thiok . M rioag the crest. Elsewhere 

“» *■"■* the rode is obsouxed by talus, Ac. Except, however, near 

the base of the southern slope, where pieces of ferruginous sandstone are strewn, 
tbp debris on the ridge is entirely of hematite schist, bo that considerably mom 
ore may exist than is actually seen. The ridge is perhaps 40 to 50 feet high, and 
comparatively wide, with gentle slopes. Even if the hematite band is not thicker 
than the exposed strata, a large amount of ore is available in the ridge. The 
dip, as seen abont half a mile west of the village, is to the south at 40°— 50°. 

In the hills south-east of Agaria I observed runs of ore in two or three places, 
but nothing of much importance. At the western end 
Agaria! iou ^ 1 ^ 0 of the Jhiti ridge some limonite schist is seen, dipping 
S. 20° E. at 40°, but no good section is exposed. This, as 
well as other Bij&war limonite ores, which are of rather unfrequent occurrence, 
may possibly be due to hydration of hematitio strata near the surface. At the 
southern base of the hillock just west of Kurumukur, jaspery quartz schist inter- 
banded with micaceous iron is seen. The hillock is capped by laterite, and 
similar rock is to be seen in some of the hills to the north-east of the same village. 
These hills are low and featureless, with little or no other rock visible. It is not 
ait all improbable, however, that the laterite is due to superficial alteration of 
iron ore, and that there is a considerable, perhaps a large, quantity of the latter 
in the hills in question. 

There are two low hillocks close to Sarroli, one three-quarters of a mile some- 
SsrrolL what south of west, and the other a mile south-south-west 

from the town. The former of these is composed of 
schistose hematite and micaceous iron, the beds of which have an irregular strike, 
corresponding on whole with the direction of the hill, and an uncertain dip at 
high angles. There is a skin of laterite in places due, I have no doubt, to super- 
ficial alteration of the ore. 

♦The northern part of the other hill is also composed of iron ore, which ha$ an 
irregular dip, apparently towards the south as a whole. The southern part of the 
hill is formed of homstone. The lower beds of ore, i.e., those in tbe most northern 
part of the hill, are of hard micaceous iron passing into schistose hematite, while 
the upper strata are of soft, crumbly, finely laminated micaceous iron, with some . 
interbanded argillaceous layers. It will be observed that the section here is 
similar to that in the hill half a mile south of Agaria — soft crumbly ore above 


and harder beds beneath — and I do not think there can be much doubt that 
the strata in the two localities belong to the same horizon. There* are two 
rather large excavations in the upper beds; that to tbe south-east is known 
as the Sarroli mine, and that to tho north-west as the PartAbpur mine (from 
a village dose by which is not marked on tbe map). 

As a rough estimate of the amount of ore available by open workings, with 
free drainage, in tbe Sarroli hills, the cubic contents of the northern yiay perhaps 
be taken at ^ or about 500,000 cubic yards, and that of tfteiron-bearing 

part of the southern at or about the same amount. This is equivalent 

to about 1,700,000 tons of ore in each bill, or say three and a half million tone 
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in both together. lights estimate, as in that for the hill south of Agaria, no 
account is taken of the ore which could be raised from open workings beneath the 
level of the surrounding country. From such workings an' immense amount of 
ore could be obtained. 


A sample of the crumbly micaceous 
as it was being loaded on to buffaloes 
furnaces, yielded— 

Ferric oxide 
Phosphoric ecML 
Sulphuric acid 
Sulphur 

Loss on ignition 
Ignited insoluble residue * 
Lima alumina and undetermined 


iron from the PartAbpur mine, taken 
for transmission to the neighbouring 


SSrftftt 


Iren 64*65 


I’M 

4*50 

1*M 


The harder ore from the north end of hill 
Ferric oxide .... 

Loss on ignition .... 
Ignited insoluble residue 
Undetermined 1 • 


100*00 

gave— 

. 07*16 «w Iron 68*08 
PSD 
•80 

. *66 


100*00 

The largest iron mine in the district is that near Jauli, somewhat less than 
a mile south-east of the village (3 miles south-east of 
& Sarroli). The ore is a semi-ochreous hematite, in which 

a slightly schistose structure is often apparent. Hematite with metallic lustre 
also occurs, but is quite subordinate to the more ochrey kind. Tke ore is 
interbanded with quartzose layers, which in some places greatly exceed the 
ferruginous part of the rook. In other places they are comparatively rare, 
aud. in the best ore they are still less common. .These layers vary from a 
fraction of an inch to several inches in thickness. The beds are vertical, the 
strike, where best seen, being N. 40° E. A rough measurement showed the beds 
exposed to have a thickness of about 150 feet, but in estimating the thickness 
of ore, a deduction must be made as an allowance for the quartzose portion 
just alluded to. 

The ore has been veiy largely worked, the mine being nearly 100 yards long by 
50 yards broad, and perhaps 50 feet deep. I was informed by Mr. Olpherta* 
ag en t in charge of the mine, that it is not flooded in the rains j it is a sort of deep 
trench (the length of which coincides with the strike of the rock) in which water 
would accumulate if it did not soak away subterraneously, or evaporate, quicker 
than it entered. The surrounding country is an undulating one, and without 
actual levelling it would be impossible to say to what extent free d r ai n age ocng| 
be depended on for more extensive operations. 

It is from picked ore from this mine that Mr. W. Gh Olpherts* ‘metallic pamt* 
is made, by grinding to an impalpable powder. 

» In thk, and fnbssqtteai Muilysse, in which phosphorus and sulphur arc not given eeperstefr, 
any pr o mt is included in the undetermined portion of the ore. 
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Some diatance, perhaps a quarter of a mile, to the north-east of the above 
mine, there is an old abandoned one. The ore exposed is not as nob as that in 
the mine now worked, and ttafcnrally so, as previous to abandonment all the best 
ore exposed would be removed. The beds dip E. 30° 8. at 60°, the strike 
therefore being nearly the same as in the newer mine. Mr. Haoket considered the 
ore in both mines to belong to the same hand, and one can scarcely doubt that 
such is the fact; but the ore is so soft that it makes no show at the surface, and 
hepce cannot be traced along the outcrop. If the band is continuous, however, 
for even a quarter of a mile only, with anything like the thickness it has in the 
present a very large amount of ore is hidden beneath the surface. 

An average sample of the Jauli ore, taken as it came, and including the inter- 


ba nded quarts, yielded on analysis— 

Ferric oxide 76*09 » Iron 62*06. 

Phoepborio add ,.•••• ‘10 

Sulphuric arid traocS. 

Sulphur truces. 

Loss on ignition 1*69 

Ignited insoluble residue . 22*82 

Manganese oxide, lime end undetermined • *80 


100*00 


By the aid of some picking, however, a much purer ore can he obtained. A 
flTr .pitt assayed by Mr. A. Tween gave 97*86 per oent. of ferrio oxide — 68*50 of 
iron, and some of Mr. Olpherts’ paint gave 97*10. 

Before leaving the ores of this neighbourhood, I ought to mention that the 

« . . i . t i • j a n it*. l.'Hh aIaso 


**" ” hematite of Jauli and Agaria, as well as of the hills close 

Ow. of the Sarroli hill, ^o Sarroli, is most distinctly a bedded rook, having 
ww ’ ,wt * generally (except at Jauli, where it is lew strong marked) 

a highly schistose character. Locally indeed the rock is crashed and reoemented, 
and this crushing may have taken place along line, of faulting (probably merely 
dips). But except in each very limited sense the ore is most certainly not 
R « nr u rook. The point is one of practical importance with referenoe to the 
probable jet risbrnaj of the ore, and is alluded to as the reverse has been pre- 
viously stated t . 

The most prominent took in the Lora range (eest of Sehora) is a ferruginous 
siCoeous schist, oomposed of alternating layers of micaceous 
Lora Him. iron and quarts, which is usually of a red jaspety type. 

The layers are of irregular thiokness, varying from a small fraction of an inch to 
an inch and upwards. For want of a better name, and to avoid circumlocution in 
referring to it, this rock may perhaps be ealled jasper-hematite schist. If it write 
masked is sa iron on, the Lorn range (as well aa many other Knee of hffl) 
.Wd be streaked with gold from end to end. But a large proportion of the 
jCv too great an amount of siUoa to allow of its being smMted with 

advantage, mow especially whan ores practically free from dho* are to t* 
obtained i» abundanoe. Only tiros, placet, therefore, are maxfctf with gold i* 
■which I have myself seen good workable ore. 

* Memoire, (HoL Barr. of India, Vol. It, p- (78. • 
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At the 

North of MmusU. wpwed in ttiu along the exoat- Lower down the stapes 
“#• i* a talus of the same rode, amongst whioh j pi s c e« of 
micaceous iton 2 or 8 inches thick, or more, and free 1 tom ^ w| 

uncommon. Bat the beds are not exposed sufficiently lor onefa farm an ODinim 
as to whether there is any considerable quantity of ' 

The hill half a mile north of titypft is forma* mainly of jMpebtamtttie. 

Ocmtnmai D»«L *“* C®* IP** *M A number tf 

Gqrm “ 4DBBWU ' -iM^otapto^^wTS^ts^ 
rook t« *fl». The minors reek for dm PP# wP of ore whtah PH p usoi at 
once in the furnaces, and leave the large Hi i**£ML whiefc would rokhtfte tie labour 
of breaking up. The ore la a maDg^ga^ infaei?r ^ hematite, *' 

▼ftiying proportion of intarbanded jasffay quarts, It It a silioeous Ore, iL&ougfc 
not very highly so. As the man g a n S ferom land k entirely cfcaoealed beneath the 
tains, no estimate can be made of its thickness. Judging, however, &om the 
large amount of debris, it seems probable that the thickness it oonddisrftble. 
As the loose ore must either lie directly over that m sita, or eke have come dotm 
hill, and as the pits extend 20 or 30 feet (vertically) from the base of lie hill, 
probably a large amount of ore is obtainable by dry open workings, whether theca 
bo through a deep mass of talus or into solid rook. 

The proportion of manganese varies much, as can be seen from the outward 
appearance of the ore. In some specimens of the micaceous iron, the presenoe 
of manganese is scarcely apparent to the eye ; in others, the ore shows by its dark 
colour that it contains a large amount, and in the highly manganiferoua portions 
pBilomelane occurs in irregular segregations. A carefully chosen average sample, 
made up of a large number of small pieces taken from different pits, yielded — 


Ferric oxide .... 
t Mang isuflce (with traces of cobalt) 
l Oxygen 
Phosphoric add 
Sulphuric add . 

Sulphur • 

Ignited insoluble residue 
Lime, alumina, water and undetermined 


66*88 *=- Iron 46*48 
18-86 
6*88 
•87 
•08 
trace. 

9*6 

4r76 

100*0 


The man ganese exists, in large pert at least, in the form of p sflfl ma to ^ 
occurring in irregular segregations, or more minutely dis e emin a ted through the 
rook. 


The Gegra miners told me (end Mr. Hscket mentions the seme tiring) timlu 
tile ora from there pits prodnoee • herd steely iron, need far making OdgatfcT 
tools, fev, white that fromtfcs mines in the Sarroli neighbourhood yidd* s soft 
hoq. need largely for •korrai*’ (shallow basins for m ak in g cJvupatii in, die,). 
The difference is no dombt to be attributed to the manganese in the former. 

1 Am to its west Men, to the tillage flogts, and thorn to the eutto DsoWal. 



10ft 
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The ridge naming eastward from Kuthola,(l »3e south-east of SehoVa) i* 
KtttboUu formed mainly of jasper-hematite. At the gap when 

the railway passes, the strata dip at a high angle towards 
the south. In the low hill just west of the railway station (Sahara road), the 
v beds in which seem to be higher in the section, as the rocks actually lie, than 
Those just mentioned, manganiferons hematite schist, with paUomelane, is visibly 
The rock is more earthy and impure-looking than that at Qosulpur, which 
will be described presently, and contains a considerable amount of interb&oded 
jasper and quarts. No great thickness is exposed, but the outcrop is of some 
importance, as indicating the position of the manganiferous band. 

Where the Deccan road passes the end of the ridge, jasper-hematite with 
hornstone is visible in situ, and pieces of psflomel&ne, Ac*, are scattered about. 
dn the northern elope of the hillock, about 300 yards N. 15° W. from the Dkk 
^ , Bungalow at Qosulpur, a strong band of manganiferous 

micaceous iron outcrops. In a little nalla at the foot of 
the hjftl the following section is exposed 


Vat 

Gay-ilate, teen about 60 

8otni»wbat ferruginous quarts schist 6 

Obscured 20 

Hangeniferous micaceous iron 16 P 

„ quarts schist 6 

N micaceous iron, seen 86 


The total thickness of ore actually seen being about 50 feet. The section is 
given in descending order, as the rooks lie, the dip being about 60° to N. 30° W. 

The hillock just mentioned forms the eastern extremity of a low scarp, run- 
ning from Qosulpur to W. 30° S. The scarp is capped by several yards of rook 
laterite, but lower down the slope (which faces to N. 30° W.) the mangano- 
ferruginous band outcrops in several places. It is fairly seen at intervals for 
about a third of a mile, and reveals its presence more obscurely, by occasional 
small outcrops, and by loose fragments, for at least a quarter of a mile more. As 
in the first third of a mile the outcrop is well shove the plain (averaging 
perhaps 30 feet or so), there is, unless the band thins out considerably immedia tely 
westward of Qosulpur, which is not likely, some hundreds of thousands of tons 
to be had by dry open workings, and probably some millions by going deep 
enough. 

The appearanoe of the rock shows (as at Gogra) that the proportion of 
manganese is very variable. The greater portion of it, at least, exists in the form 
of psilomalaae, occurring partly as linings to small cavities in the rode, atyl in 
irregular segregations and masses, some of which contain some cubio bet of 
mineral. I am somewhat inclined to think that the psilomelane is most abundant 
where the schist has crushed and re-cemented, pailomhlaue being the cementing 
material. A sample of the more manganiferous part of the sohist afforded NsNM 
per cent of m ang anese (with a lffctie oobalt), while the peilofcieinfo gave 8M® 
per cent, of available peroxide* 

Reviewing the above details, it will be seen that manganiferous micaceous 
hematite has been bund in several places along the southefa sid* of the Dora 
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range. One inn eoes^plj feel mnch doubt as to ,thert' , being a oontiawms band 
in that position. It ft highly probable that the gosul yu r toe belongs to tit* 
same horiwm, but whether it ia a direct continuation of toe same outorop to 
not is more donbtfnL The strata in the Loia range hare a general dip t owards 
the south-aouth-east at high angles, while the heft it GoeUf^M dip JT, 30® W. 
at about 60*. This may he a mere local feature, of it xa»tf indiafcto that the Lora 
and Gosulpur outoropa are on opporite tades of a agnMtnsl flexure. 

Then dost not appear to ha toqr drown too Gtonlpur mfd Loro totoh 
ganiferons ore should not torn a Mttotols wat fo M for the mnw#ntttie to 
epiegeleieen. Although part of the totogatoto occurs fa distinct ss#felhtitoi, 
a large proportion of it ia mantel? dimwafc stottirfoagh the oto 

On the dope of the hillook at Oeealpar hftpto mentioned, a lMetfoeto* th* 
outcrop of the mamganiferous Ore, then ik a hand of H*oak* not lam tS|a 18 foet 

thick. It earn be traced westwards for Shoot tl* same distance as the other ore, 

to which it runs parallel. Some parti are rvry massive, the rock lyiag^tihDut in 
large blocks; others present a schistose appe&ranoe. At the tims I toofethis to 
be a bedded Bij&war rook, bat I nfn not prepared 'to assart positively that it ia 
so. Whether it be or not, a considerable quantify of ore (containing, however, a 
rather high percentage of phosphorus) is to be obtained from it It yielded to 
analysis— 


Ferric oxide 

Phosphoric acid 

Sulphuric acid 

Sulphur .e.e*. 

Loss on ignition . . • 

Ignited insoluble residue .... 

. . 81-87 = Iron *710 

. . 1-69 

. 000 
trace, l 
. 10-91 

. . 4-08 

1-75 


10000 ' 


Latkritic obes. 

The pisolitic ores occur on a horison near the base of the laterrtio strata. 
“ The bottom beds (of the group) consist of a coarse ferruginous sandstone, 
formed of rounded bits of quarts, sometimes as large as a pea, embedded in a hard 
ferruginous paste. Above this there are some beds of fine ferruginous earthy 
sandstone, containing badly preserved leaf-impressions. Besting upon these in 
some sections, there are several foet of a rich oolitic iron ore, covered bjr tod, 
white, and purple days, with bands of a coarse ferruginous sandstone inter- 
bedded, the whole capped by the ordinary rock laterite.”* 

There are two main Varieties of pisolitio ore, one of which breaks with a smooth 
fracture and shining surface ; the other with a rough uneven fracture 
and dull lnsbreleas surface. In the former the h a r d ne ss and tenacity of ike 
spherules, and of the cement in which they are embedded, are about equal, so that 
fracture takes indifferently through both parts of the rock. The difference Of 
fracture intbe other varisfy fedue pertly to theoement, and also toe spbertoto, 

I *008. 

• *C« A* Hseket, KBS. wpo*t» 1871*72. 
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braking with a dull uneven surface ; partly to some of the sphere ! m bring 
dragged out of their sookete unbroken, ao that the surface «t the rook shows a 
number of roundel prominences and depressions. The conchoidsl^frsctixred 
limonite is hard and brittle, the other much softer, and sometimes quite friable. 

The spherules of the former vary in size from that <4 large peas downwards, 
so that the rook passes into oolitic limonite. Intimately associated with it in 
many sections is a highly ferruginous sandstone, which, when looked at under 
the lens, is seen to be composed of minute grains of quarts with an abundant 
limonitic cement. Sometimes the rock is free from spherules of limonite; more 
frequently such are scattered through it more or less abundantly. Thus it passes 
into the rich jdaolitio ore in which grains of quarts are sometimes visible between 
the spherule*, though more frequently the cement is, like the spherules them- 
selves, purely limonitic. The sandstone and pisolitio ore are often found in 
juxta-position, with a sharp line of division between tbe two. 

An immense number of small pits, most of which are now abandoned, are 
scattered over the lateritio area. The majority of those I visited are in the 
neighbourhood of Bijori (7 miles east-south-east from Mnrw&ra) and in the 
Kanhw&ra hills. 


There is a quarry a quarter of a mile S. 16° W. from Bijori from which 
jjj. - Mr. W. G. Olpherts obtained some of the ore smelted in 

his experimental works at MunvAra. The section at one 
end comprises— 


6. Lateritio debrit 


9. Ochreous, somewhat pisolitio, limonite with rough fracture 


inohes in diameter 
k. Lithomargic claj • 

». Soft friable sandstone* i 


Ft. 

In. 

. 1 

0 

. 1 

6 

. 0 

11 

. 0 
d 

4 

. 0 

8 

. 0 

7 

. 0 

7 


One hundred feet to the east, at the other end of the quarry, the section is 


as follows— 

Ft In. 

a. Surface soil 1 0 

b. Luteritic d*bri$ X 0 

e. Soft pisolitio limonite with rough fracture . . . * . ,3 4 

d. HsolLic limonite with eonehofidnl fracture • . . 0 10 

«. Ochreous, somewhat pisolitio, limonite with rough fracture ... 0 0 

/. Pisolitio limonite with eo&eboidel fracture , , a 4 

g. Oehreona, somewhat piaoUtic, limonite with rough fracture . . 0 4 

A lithomargic day, seen 0 10 


In comparing the above two sections it will be observed that the band of 
semi-ochreous ted oxide of Iron in the first corresponds to / 4* g to the 
second, or to one or other of them, the other having died oak . lb either aaee 
there i* a change to mineral character laterally, which change maybe either ori- 
ginal or secondary. Tho absence of o to the first section is merely due to dean- 
datum. 
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About * ngQe Stitt* of Bijori there is another quiirj, which ha* been worfsed 
by Mr. Olpherte* Tie Motion at the matem «mt oomprinoe---' 


0. MkeeaoU 0 

1. Disintegrated laterite* or la&eritk Mrtfc a . , , 1 8 

Disintegrated laterite with one or two layers of highly farrugl afltt 

•andstone, wd thin m b m d pkoUtio Uwcnlts with eoncholdal 

fracture 0 8 

i PboHtto limonite with e ofnchoi dsl hgtee 0 184 

i. Soft pisolltk Umouite with *»# fasten* , * * l 9 

/. Pisolltic limonite with eonehoidat towMfc 0 l 

y. 8oft politic limonite with tougkflteteire . * .,,11 6 

8. Limonite, with eoaMU pfasflfe It «8t upper par* 

petting into odlttio lower down 0 

4. Laterite, seen ......... 1 8 


At the other end of the quarry, 88 lent to the went, the hand 8 k rep rese nted 


by— 


r PIsoUtio limonite with oonchoidd free tore 
A. j Soft pisoHtic Umonlte with rough fracture 
t Ooiitie limonite with oonehotdel fracture 


i 

Ft* 

0 

0 

0 


t 

4 


The middle 4-inoh band, therefore, dies out in a very ehtfrfc distance. In the 
western post of the quarry, also, the band d is represented by a layer, about 
equally thick, of compact brittle lunonite. It k further noticea b le in this sec- 
tion that ordinary laterite underlies the pisolitic ore. 

An average sample from the band h gave on analysis — 


Ferric oxide ‘ 81*20 = Iron 64*84 

Phosphoric acid 1*41 

Sulphuric add trace. 

Sulphur trace. 

Low on ignition 18*42 

Ignited insoluble residue 1*29 

A1nm{iM ) Him* and undetermined 2*68 


100*00 

On the north side of the village 3 feet 4 inches of soft pisolitio limonite, with 
rough fracture, k exposed, with the base not seen. This afforded— 

Ferric oxide . • . * . • • . • 71*72 = Iron 50*20 

Loss on ignition 1*68 

Ignited insoluble residue 7*94 

Undetermined (alumina 4 lime in part) . • • * 6*68 

100*00 


In an old pit half a mOe east of Bijori 2 feet of ore of the flame kind is 
exposed. 

There am a number of abandoned pit. about 300 yards north of the village, in 
one of which the following Motion wm measured : — 


Surface soil 

Soft pleolitic limonite with rough fracture . 
Pkotttic limonite with oouchoidal fracture . 
ftoffc plsottfck limonite with rough fracture . 
Ochreoui jpisdUtto limonite with rough fracture 


it 

1 

1 

0* 

0 

0 


In* 

* 

5 

1 

7 

4 
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Vi h, 

Pbolitic limonite with conchoids! fracture j the amount of cement. 

Utvin the spherules inor easing in amount downward* until the 
rook p**ce* Into highly ferruginous sandstone . . . . Offtot 

Soft pitolitio limonite with rough fracture ..... 0 6 

Friable ferruginous sandstone with some thin irregular hard layers^ 
aeon 1 6 


ttajhgaon. About halt a mile south-west of Majhgaon, some ferrugi- 

nous beds are very imperfectly seen in a nalla. 

Ft. In. 

Hsolitio limonite with oonohoidal fracture, not lass than • .1 6P 

Arenaceous semi-oohreous hematite, in beds of irregular thicknsss, 

4 0 

The lower beds are considerably contorted on a small soale. 

On the south-west side of the Tillage, in an old pit. about 2 feet of oolitic 
limonite, mostly of the soft variety, underlies some 4 feet of lateritio debris* 
The base of the ore is not visible. 

Fhn d ft r n Three quarters of a mile south-west of Bhadora there is 

a group of old pits, in the largest of which the following 
section was measured 

Ft. In. 

Surface soil, Ac. 8 0 

Bed of earthy limonite, with faint plant im pres cions 0 10 

Lithomergio clay ,.30 

Oolitic limonite, softer and leas highly ferruginous than that 

below 2 0 

Oolitic limonite, rather soft and breaking with rough fracture, 

■era ... 10 

Summarizing the preceding sections, we find the thicknesses of ore actually 
seen, to be as follows : — 


Bhadora. 


i mile 8. 16° W. from Bijori . 
1 mile south of Bijori 
Berth sided Bijori 
1 mile eeet of Bijori 
800 yards north of Bijori 
| mile eodth-wsst of Majhgaon 
South-west side of "Ifqjbgaon • 
4 mile south-west of Bhadora 




8 10 
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In the seotioft* whiter* best seen there i* about 5 fast of ore. In the others 
either a portion of the tee he* been denuded away from the toja^or the kora* bed* 
axe not visible. 

With referenoe to the important question whether the Irpn^bearing strataare 
continuous throughout the am over which the pit* above noticed am scattered, it 
would be perhaps rash to express an unqualified opinion* The strata are most 
obscurely seen, being rarely visible except in the old (fits, and seldom in them even 
except by clearing ant the rubbish, ^y which they are move or lew choke! up* 
But I am certainly strongly inclined to behave that the ore w& bo loupd to occur 
continuously at the same horizon, although the details of the section ihby very in 
different localities. Some Of the section* given Shove show SBgfet differences 
within a few yards even, but those in which the moke are best Seed fcggUc there 
being a foot or so of limonfte With oeneitpsdsl fmo&utii covered by a Spoker band 
of the softer kind of ore. 

The map scarcely indicates the forts of the ground eomotiy. ^jShete is low 
ground, occupied by alluvium, on the borders of the streams, sloping gently 
upward to more elevated groun^, where the surface reek is laferite, rather than 
definite hills and valleys. The ore beds generally occur near the foot of thilaterittb 
slope, a little above the level of the alluvium. They have probably, therefore, been 
denuded away from some, at least, of the alluvial hollows. But these hollow* 
occupy a far less area than the lateritio ground. In the latter I believe the ore will 
he found continuously; at dr dose to the surface in the lower ground, and 
obtainable by open workings, hut in the more elevated tracts probably beneath such 
a depth of overburden as to necessitate shallow mines. The amount of ore must be 
very large. A continuous bed of even one yard only would contain more than 
eight million tons to a square mile. 

About a mile north of Brnelia there are two quarries about 10Q yards apart. 
g ,, That to the north was worked last year, and a conii- 

m * derable heap of ore was stacked at the ti me of my visit. 

The aection includes — 


ft. m. 

BurfSee soil 0 1 

Highly ferruginous sandstone 1 * 

Disintegrated ordinary laterite 1 ® 

Pieolitio iron ore, seen * 0 


The floor of the quarry is on the ore, Co that the total thickness of the latter is not 
apparent. The strata dip about N. N. W. at 5°. The ore is somewhat different to 
any that I have seen elsewhere* It consists of spherules of limonite (having an 
onion-like structure;, and ranging up to an inch, or even mom* in d i a me te r , but 
usually not half an inch) which am embedded in a semi-oohreous cement 

oosmsting mainly of brown, but partly of red, oxide of iron. Most of ihe spherules 
on the surfaces of fracture remain unbroken, being torn out of their sockete on 


one side. 

In the Cther quarry the same beds are seen less fully. 

Surface soli * 

Highly ferruginous sandstone 

iH s WHgiiat d vriflfrftty latsrite .«*•** 
PisoUUe Iron erg, seen ..•••** 



0 a 

1 a 
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The ore is similar to that in the first quarry, except that the cement contains 
more red oxide. Dip north-west at 5®, 

The ore in these quarries being on rising ground, and, where it is now ex- 
posed at least, dose to the surface, is favourably situated for open workings. An 
av&age sample from the first-mentioned gave— 

Ferric oxide 77*81 « Iron 54*47 

Manganese (calculated as Mn, Og). with traces of oofaalt . 1*54 

Phosphoric acid *85 

Sulphuric add traces. 

Snlphiir traces. 

Loss oa ignition 18*50 

Ignited insoluble residue 857 

Alumina, lime and undetermined . 8*56 

100*00 


On the Turing ground about a mile west-south-west of Jhijri several shallow 
pits have been sunk, but they are now abandoned. Lumps 
of cm are freely scattered about over the surface, and here 
and there a thin bed is visible in situ. The thickest I saw included 10 inches of 
pisolitic limonite with conchoidal fracture. 

At the base of an outlying hillock of laterite, about half a mile north-west of 
Kailwdra, there is a band of ore, similar to that near 
Jhijri, which has a thickness of not less than 20 inches. 

In a w a ll a, dose to Mr. Olpherts* paint mill on the Katni, a mass of aoma- 
Murwira. what earthy limonite, mixed with red oxide, appears from 

beneath the alluvium for a distance of about 20 yards. 
It has an apparent schistose structure and is unlike any lateritio ore that I am 
acquainted with. On the other h a n d, it is very improbable that the Bij&war rooks 
should appear at the surface, which they could only do by very peculiar faulting, 
so that I fed uncertain as to the relations of the ore. It afforded — 

Ferric oxide 75*85 =» Iron 65*88 

Lom on ignition 9*05 

Ignited insoluble residue 11*08 

Undetermined (alumina and lime In part) • 4*87 

100*00 


The Kanhwira hffls (6 miles north-east of Murw&ra) form a level plateau 

Kaah ufm hBh bounded by a sharply defined esoarpment. The surfrcto 
rook on top is ordinary laterite, while hands of rich iron 
ore outcrop along the faoe of the slope. 

Pisolitic limonite, In great part of the kind with oonohoidal fracture, forms 
a strong hand at the top of the esoarpment a quarter of a mile W, 20* N. of 
PikwgL There ja little or no overburden on it. 

At the foot of the gbit, half a mile 27. 20* W. of Pipxebta, q fyd of similar 
ore not less than 2 feet thick is visible. 
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* ^ 

No* far from the fpp of the scarp above PiprobU tfcereis a strong band of 
the same kind of ore. thaws appears to be another loaner down, bat the aootten 
is obscurely seen. 

On the slope of the projecting spur, a quarter of a wle sooth cast of Pip- 
rehta, there are some old pits* In one of them the following section w# 

, „ n. *. 

Flaolitis iimonita vainly of the kind with cinsehflfdil faster* 

in port somewhat ©cbreoui , MSB I 10 

Coawe ferruginous mudstone . i $ 

Compact, or slightly ochreo*]*, UmomtS • 0 i 

Do. red oxide of iron * 0 • 

Lithomargic day, teen .... & S 


there being 3 feet 3 inches of ore, with ttys top of the wain tyand mijisg throngh 
denudation. The ore is 15 feet (vertically) below the top «f the hfU, which w 
about 70 yards to the north— ' 


A Bample from the main seam yielded on analysis: — 


Ferric oxide • 02*18 * 

Phosphoric add *78 

Sulphuric add trace 

Sulphur traces 

. Loss on ignition .... 18*89 

Ignited insoluble residue .... 1*57 

JUmdna, lime and undetermined 1*60 


100*00 


fan 87*88 


It will be noticed that this, as well as the other lateritie ores analysed, con- 
tains a much higher percentage of phosphorus than the hematites, ha the lattes' 
the phosphoric acid ranges from *10 to *27 per cent. ; in the former from *76 to 
1*41 per cent. 

At the foot of the hill, below the pits just mentioned, there is a strong hand 
of oolitic and pia oli tic limonite with conchaidal fracture. 

To the north-west of Kamtarra (a village 1 mile south of tfotafri) there 
are some old pita 25 feet above the foot of the escarpment, which is 76 feet high* 
The ore is pisolitio limonite with oonohoidal fracture, and is not far than 12 
inches thick. There seems to be more than one band of ore besides that In the 
pits, but the section is very obs c ure. Large quantities of loose ewe are stream on 
the hill-aide at different levels. 

Just west of Mcrhiri the hill is capped, with no overburden, by 2 f*et 4 inches 
of ocUtio Mmonife with conchoids! fracture. There are some old jute here, end 
others about haftf way down the hill 

In the nafla just north of Mohfri there is— 

n. la 

CbUtoHsMftowbhee factor* wm .... 0 8 

Slightly smseeons Mmonit* In tUoufak Ms sentnkrfuf plant 

# 

Fea m s ina s sff s faos s , won 1 <* 

o 
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Hear the bottom of the ghdt, half a mile north-west of Mohiri, there is a 
band of pisolitio limonite with oonohoidal fracture, seemingly about 2 feet thick. 
Higher up there is another strong band of similar ore. 

On the slope above Kanhwdra 2 feet 6 inches of same kind of ore, but some- 
what ochreous in part, outcrops in one place. 

About half a mile south of Raohwira the surface rook, at some little dis- 
tance from the foot of the escarpment, is pisolitio limonite with oonohoidal 
fracture. 

On comparing the above sections it will be seen that there is one band of 
ore near the top of the escarpment, another at the foot of it, and a third in an 
intermediate position. The thicknesses, in as far as I was able to ascertain 


them, were— 

Top MtM, 

IfifilHf MOM. 

Bottom turn. 

i Mile W. 2 (f N. of Pilongi . 
i „ N. 20* W. of Piprenta . 

Strong band 

... 

Not less than 




2 feet 

Piprehta .... 

• Strong band 

p 

Strong band. 

i Mile sonth-east of Piprehta . 

North-west of Kamtarra • 

Not less than 

8 feet 8 inches. 

Not less than 



1 foot. 


West of Hohiri . 

• Not less than 

2 feet 4 inches. 

P 

• • 

North of Hohiri . 

• Ml 

... 

Not less than 

1 foot 6 inohes. 

North-west of Hohiri 

• see 

Strong hand 

2 feet P 

K&nhwira .... 

e see 

2 feet 6 inches 

MS 

South of K&nhwira 

a 

... 

P 


It is, I think, tolerably safe to estimate the average thicknesses of the seams 


Top 
Middle 


Ft. In. 

2 6 

2 0 

2 0 


The area of the plateau west of Moh&ri being about two and a Half square 
miles, there would be in the— 


Top ag ain ........ 19 million torn of ore. 

Middle aasm 19 •> » 

Bottom aeam ........ 16 » » 


A large amount of ore from the top seam is available by open workings with 
free drainage in places where, as in some of the localities noticed above* it occurs 
at the very top of the escarpment with little or no overburden. A considerable 
quantity could also be got from the bottom seam, in the same way, in places 
where it extends into the plain at the foot of the slope. The great mass of ore from 
the two lower seams, however, and some probably from the top one, could only 
be obtained by mining. But mining in horizontal strata at such, insignificant 
depths would he of the simplest kind, an immense quantity of p*U being within 
reach by adita driven in from the face of the esoarpment 

in the above estimate no account has been taken of the Kaahwira hills asst of 
Hohiri, where there can be little doubt ore exist* in equal abundance. 
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A considerable proportion of the ordinary laterite contains a high percentage 
rymantitiritAuoNi ir0n » wd in countries leas favoured than that under 
1 ™ ' discussion would he looked on as a valuable ore* Asa 

case in point, I may mention the hillock near Kailwira previously alluded to, It 
is about 40 feet high, and formed of rook laterite of a common type. A c*refuBy 
chosen average sample yielded— 

^ Iron 4419 


Ferric oxide ... 

. mm 

Loaa on ignition ... 

. 10*48 

Ignited inflatable residue 

. It* 

Undetermined (metaly alumina and tee) » 

619 


IflOW 


1 ought not to conclude these notes on the iron ores of Jabalpur without 

Sco e of notes saying that they do not profess to give an account of 

pe o no . ©very locality in which such mineral resource^ are to be 

found. Iron is, indeed, well known to ooour in places which I hare not vjslied— 
at Gangai, for instance, near the marble rocks, and the Majhaali hills, West of 
Sehora. Such ores, however, are, ferom their position, obviously out of Count In 
connection with the Umeria coal. In the localities I have described, there is a 
practically unlimited supply of high-class brown, red, and manganif erode ores, none 
of which are more than a few miles distant from the railway. So much being 
ascertained, it would be useless, at any rate until the question of working the 
ores takes a more definite form than at present, to spend time in the examination 
of the more remote and less important localities. 

Fluxes. 

The most important member of the Lower Vindhyan series, and that possess- 
ing the greatest constancy in the section, is a band of 
■tone*** ^ m0 ’ limestone some hundreds of feet in thickness. Consti- 

tuting, as it does, nearly the highest subdivision of the 
senes, and generally dipping towards the north at moderate angles, it occupies 
the lower portion of the Kymore escarpment (beneath the sandstones of the 
upper series), or a belt of oountry, of varying width, immediately to the south. 
In this position it extends from near Sasserdm to Bijerdghogarh, a distance of 
some 200 wii1#w. In the neighbourhood of the latter town the outcrop is 
exceptionally wide, oovering a breadth of more than 3 miles. A little west 
of Bijertghogarh, however, the alluvium begins to enoroaeh, Hie limestone out- 
crop rapidly narrows, and near the village of Kachgaon finally disappears beneath 
the more recent deposits 1 . Bnt it is practically certain that, although concealed, 
the limestone forms a continuous fringe, bordering the Upper Vindhyan rooks, 
from Kachgaon towards the south-west, and then eastwards again to Kurwdra. 
In the latter position there are numerous quarries sunk throu gh H ie alluvium. 

These excavations are in a line running north and south from just south of 
the town to the base of Murwtr* Hill Station. With one exception they appear 
to be all very nearly on one strike. The depth of overburden in the diflerent 

1 The narrow band, colored blue an the map, to the wartwaid of Kachgaon, la of dih whfoh 
occupies a petition Between the teestane and the Upper Vindhyan rook, abort. 
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quarries varies from 10 to 25 feet, except in the most southern erf the Ha* where it 
is less them 5. It eonsisis of clay, with Lower Vmdhyan shales and inferior ehaly 
limestone, which overlie the band that is worked. The latter consists of grey 
limestone in beds of rather small thickness, averaging cay 2 to S inches. A 


^carefully chosen average sample gave— 

Carbonate of lime 04*66 

n of msgeesU (by diff.) ... 1*6 

„ of iron *66 

Phosphoric acid trues 

Sulphuric add ... 0*00 

Sulphur . trues 1 

Ignited insoluble residue ... 1*79 


100*0 

— a result which shows the stone to be eminently suitable as a flux. 

The hand of superior limestone (above and below whioh is inferior stone) is 
only some 10 feet thick, and as it dips (towards the west) at 15°— 20°, it cannot 
be followed towards the deep for any distance, the overburden even at the out- 
crop being excessive. The amount of stone therefore obtainable from the present 
quarries is limited. The outcrop of the whole band of limestone, however (which, 
as I have said, is some hundreds of feet thick in the Son Valley), probably extends 
for a considerable distance eastwards of the quarries beneath the laterite and allu- 
vium, and many other beds of good stone ore probably concealed in that position 
(There is indeed one excavation, some 130 yards east of the others, whioh has 
struck limestone, but of an inferior kind.) It is very doubtful, however, whether 
the more recent deposits are not too thiok to allow of such being worked, even if 
found. A well in Mr. Olpherts’ compound, a few hundred yards east of the line 
of quarries, was sunk through 90 feet of clay without striking rock. 

In the event, then, of iron works on a large scale being started at Murw&a, 
I think it is not impossible that, sooner or later, the supply of limestone on the 
spot will fail. In this case search should be made a little south of where the 
railway passes through the Kymore hills (west of Pouohi). It is quite possible 
that the limestone is to be found there beneath a less depth of overburden than at 
Jinrwfaa, and a few shallow wells would be sufficient to settle whether it is or 
not. If not, perhaps the best plan would be to construct a tramway from Mur- 
w&ra to the limestone area west of Bijertghoghar, or to the latter town itself. 
Limestone is to be had these in unlimited quantity at the surface of the ground. 
The tramway, therefore* besides serving to Mug in iron ore from the rich deposits 
of the Kanhwfaa hills* and flux for smelting purposes, could supply Ifcne- 
works on any required soaie with stone, probably at a cheaper rate than it can be 
had now at Murwfaa, aa the expense of removing suoh a mam of overbu r den vmmlA 
be avoided. As the Murwdm* lime is now exported as far even as Qatoatta* * 
market would doubtless be found for a large supply, if deliverable at a sufficiently 
low rate.* A certain amount of passenger and ordinary goods tvqfBd would also, 
no doubt, be obtainable for such a tramway as a feeder of the Bast liMKea Bail* 

>•004 

1 Or Katai. Mnrwir* h the mm Of the tows, fatal that of the adjoiaffig railway etatjna 
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■wtj. Am tbs rottBUyis amrly letel, with only ott stream of any rin to cross, 
there would be no difficulty in construction. 

There is an u n l imi t e d supply of limestone to be obtained from the tantetabeds. 

T>mil U 1|Big|0M ^ Besides the fact, however, that these rooks do not spiproaoh 
the railway anywhere north of Jabalpur, the stone is 
markedly inferior to that of Murwdra. An average sample, taken from several 
heaps collected for burning near Jabalpur, contained 21*38 per cent, of residue 
insoluble in hydrochloric add, the remainder being carbonate of lime, with trifling 
quantities of magnesia and iron. 

A pisolitio variety of laterite, oontaWsig, b stHm iron, a lprge proportion of 
alumina, ooeuss abundantly in the hills s ©uth of Mur- 
mmimm - terite. w Ara. if an aluminous flux should be required for 

smelting some of the hematite ores, the rook in question might perhaps be found 
useful. 


Dolomite. 


The occurrence of mangsniferoUs iron ore, available for the production of apis* 
geleieen, would probably lead to Bessemer steel- makin g being included in any 
scheme for utilising the Jabalpur ores. If the basic process were adopted* dolomite 
for lining the converters would he required. The rook occurs in great ab undanc e 
in the district, and, although very unequal in quality, can be obtained, by a little 
selection, of great purity. 

The well-known * marble rockB,* which are situated about 2 miles from 
u Mirganj station on the Great Indian Peninsulas* Rail* 

eroc *' way (11 unlttfl from Jabalpur and 68 from MurwAra), 
are throughout. The rook has a saccharine texture, and is mainly of 

a pure white colour, although here and there it haa a grey, yellow, or pink tinge* 
The bedding, aa a rule, is not very thick, and in places it is quite thin, the rook 
verging towards a dolomit io schist. The greater portion of the dolomite contains 
disseminated crystals of tremolite, and very often irregular strangulated layers 
of quarts par alle l to t b fl bedding , But rock free from visible im p ur ity is to be 
obtained without any difficulty. A sample of such, of a pure white colour, and 
obtained from different spots, yielded — 


Carbonate of lime 

„ m uMguaria (by diff.) 

» ro iw* 

Ignited insoluble residue 


2848 


48*66 


*61 


law 

This is a very dose approximation to normal dolomite, which contains 54*33 end 
45*65 per cent, of carbonate of Hade and magnesia respectively. 

Dolomite of a somewhat lets pure variety also occurs largely in the neighbour- 
« ^ hood of Sleemanabad. It is mostly grey, with occasional 

KmrBtansmbad* ^ ^ but rock face from visible 

impurity can easily be got by selection. A sam p l e ta ken from the side of the 
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railway between Dharoli and Deori (2 miles from Sleemanabad station and 
20 from Murwira) gave— 


Carbonate of lime 52*48 

„ „ mugueei* (by difl.) 58*22 

» >i 2*76 

Ignited ineolnble residue 6*57 


100*00 

The same band of rook is also found close to tbe Sleemanabad station. 


Fireclay. 

Firebricks Have been made in tbe Jabalpur jail from clay obtained from tbe 
Upper Gondw&na beds, in tbe neighbourhood of Jackson’s 
Jabalpur. Hotel. Last year I made Some trial of tbeir infusibility on 

a small scale. Three sharp-edged fragments, together with three similar fragments 
of a Scotch firebrick, from Kilmarnock, were placed in a covered crucible, and 
exposed for an hour to a dazzling white heat in a Fletcher’s injector gas furnace. 
After cooling it was found that the edges of none of the fragments showed even 
incipient signs of fusion. The fragments of both bricks had acquired a slight 
glaze on the parts forming portions of the original surfaces, and when broken 
wctc found to have become extremely hard (so as to resist the point of a knife), 
somewhat porous, and the fracture semi- vitreous looking. The Jabalpur brick, 
before heating, had a smoother fracture than the Scotch one, and was much softer 
and more easily broken. After heating, however, both Beemed to be equally hard. 

B&bu Hir a L41, of the Geological Survey, recently forwarded some clay, similar 
in appearance to that from which the Jabalpur bricks were 
J ^ mdari ' made, which he found in the Upper Gondwdna strata in the 

hill west of Amdari, a village 14 miles south-west of Chandia. He states that 
the clay occurs in considerable quantity. It is a white indurated kind, breaking 
with a semi-oonchoidal fracture when dry. When powered moderately finely 1 , 
it yielded a highly plastic mass with water. From this small bricks with sharp 
square edges were made, measuring 1** + J” + Similar bricks were made 
from fireclay from Glenboig and Gamkirk (Sootland) and from Rdniganj. One 
of ea ch was in a covered crucible, with one end resting on the bottom, 

and the other touching the aide. After exposure for an hour to a dazzling white 
heat in an injector furnace s , the edges of the Amdari briok were only slightly 
rounded, but the briok bad softened sufficiently to allow it to bend somewhat, 
until partially supported by the side of tbe eruoible. It had not contracted in a 
degree. The Glenboig and Garnkirk bricks remained with perfectly sharp 
edges andcontracted very slightly; the former showed no traoe of bending, while 
the latter was bent in a very slight degree. The BAniganj briok bad the edgee 
completely rounded, and was reduced to a semi-fused oondition. 

’ Sifted through • slw« ot 88 bol« to th. linear inoh. _ „ ... 

■ The temperature woe enffleiently Ugh to eoften the cover of a crucible Wxmrn 

work., and allow it to downwards. * 
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Some of the powdered Amdari clay web subsequently washed by suspension 
in water, 'dried, repowdered and sifted, and made into bricks of the ***** kind, 
which were similarly heated. . The edges were very slightly rounded, and the bricks 
bent somewhat from their own weight, but decidedly less than that made from 
unwashed clay. 

Although the day, then, showed itself to be inferior to Scotch day, good lire* 
bricks could probably be made from it, especially if washed. Similar day is 
doubtless to be found elsewhere in the Upper Goudw£n& area* and one may expect 
the coal measures of Umeria to contain fireclays like those of Rfcuganj and other 
coal fields. 


MurwXba as a sets roa Iaott-woaxs. 

In the preceding remarks I have more than once alluded to MurwXra as a site 
for future iron-works. The advantages of the position are not far to mpk» The 
two primary conditions in selecting a Bite are firstly, that there shall be an w- m p to 
supply of water, and secondly, that the spot shaft be on the line of railway. 
Now, between Qosulpur, in the neighbourhood of the most important hematite and 
manganiferous deposits, and Umeria, vi& Murwdra, the East Indian Railway 
and the projected line to Umeria only cross three streams of any dee, namely, 
the Heron, south of Sehora ; the Katni, at MurwXra ; and the MXhanaddi, near 
Chandia. The first of these is obviously too far away from the coal-field. The 
Mahanaddi is within a comparatively Bhort distance of the coal, which forms the 
heaviest individual item of haulage, but not only would the ore and flnx have to 
be taken from near, or beyond, Murwira to the MXhanaddi, but all the iron pro- 
duced would have to be carried from the MXhanaddi to Murwdra. Roughly 
speaking, there would be the haulage of ore + flux + iron versus the haulage of 
coal 1 . 

MurwXra, as will have been Been, occupies a central position with reference to 
the different mineral products required. It is actually on limestone, and within 
less than 15 miles of an unlimited supply of the same mineral to the north- 
east. It is in the immediate neighbourhood of the l&teritic brown ores, and about 
equally distant from the Umeria coal-field to the south-east, and the hematite and 
manganiferous ores to the south-west, while dolomite is to be had within 20 miles 
by railway. The Katni, whioh flows past MurwXra, is a stream with a drainage 
area of 230 square miles above the town, and there is an abundant snpply of water 
throughout the year 1 . 

1 If the new tine were oontinued to Belaspor a certain quantity of iron would find iti way 
to the south-east, taut the amount would probably be a email proportion of the total made. 

* It appears from data kindly supplied to me by Mr. V. Pont, Resident Engineer of the Bast 
Indian Railway at Jabalpur, that in April last year, when the stream would be almost at its lowest, 
there was a flow of 996 cubic feet per minute. 

▲ magnificent sheet of water cotftd be formed by throwing a dam across the gorge, through 
whioh the Katni flows just west of Murwdra, and a sufficient head of water perhaps obtained to 
work heavy machinery j to ascertain the exact fall obtainable would require actual levelling. The 
reservoir, however, could unfortunately only be made at the expense of submerging e large area of 
cultivated lead. 
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On Lateritio and other Manganese Ore occurring at Gosulpur, Jabalpur District, by 
F. E. Mallbt, F.G.S., Geological Survey of India* 

In a previous volume of the Records 1 some account is given of the manga- 
nese ore at Gosulpur, which was visited by the Superintendent of the Geological 
Survey in 1879. The sections then available for examination were very poor 
indeed, but, judging from which could be seen, Mr. Medlicott thought that a 
large supply of the ore could probably be depended on. The following year a shaft 
was sunk with a view of testing the richness of the deposit. When this had*reached 
a depth of 20 feet, the engineer in charge reported “ that all trace of the ore was 
lost at a depth of 9 feet from the surface, at which depth a yellow subsoil, resem- 
bling ochre, was entered ; that about 1 J cubic feet of ore were obtained, and even 
this small quantity of rather an inferior quality ; that in consequence I recom- 
mended and discontinued operations.’ 1 As this discouraging result was at variance 
with the hope previously entertained of a considerable supply, I was directed to 
take the opportunity, while in the neighbourhood recently, of visiting the locality 
and seeing how the discrepancy was to be explained. 

The shaft is dug on the rite of the pre-existing holes examined by Mr. Medli- 
cott, from which the ore had been extracted for use in glass-making at Murw&ra 


and elsewhere. The section comprises — 

Feet. 

e* Laterite 4 to 6. 

ft. Manganese ore 8 „ 24. 

o. Laterite containing acme nodules of manganese ore, about 6 


d. Disintegrated quarts schist dipping at a high angle (to bottom of abaft) 7 

The manganese ore b, which, as mentioned in the previous notioe 9 , is pyrolurite 
mixed with some prilomelane, occurs in the form of irregular spongy nodules 
varying in sise from a fraction of an inch to several inches diameter, and averag- 
ing perhaps half an inch to 1 or 2 inches. These seem to constitute an irregular 
layer, which is 2 feet thick, or rather more, at the shaft. It is exposed in 
two or three other places within a length of 20 feet. The level varies somewhat 
even in this short distance, and, as pointed ont by Mr ‘ Medlicott, the ore found 
in the village well, 120 yards to the east, is at a lower level than that 
at the shaft. This difference is, I think, to be ascribed to the laterite (including 
the ore) having been deposited on an irregularly denuded floor of Bijdwar rocks. 

There is little or no laterite of the ordinary (ferruginous) type included In 
the manganese stratum, and the separation between thi s strat um and the laterite 
above is tolerably well defined ; that between the manganese and the laterite below 
is not so well marked, the laterite containing occasional nodules of pyrolosite 
through it. The laterite above and below the ore looks somewhat like the dftrital 
variety, but experience elsewhere has led me to believe that the rook laterite 1 has 
a tendency to disintegrate into a mass of irregular nodular fragment, which bear 

>VoLin,p.W. 

’Aid, p.100. 

• By ‘rook laterite * I mean the first form of laterite mentioned on page U7. Tim tom Is as 
doubt open to criticism, but is convenient sad serves to avoid circumlocution. * 
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a very dose resemblance*to*the detrital form. Taking into account that no dis- 
tinctly foreign matter is risible in the rock in question ; that undoubted rook late* 
rite occurs close by ; and that the manganese ore is pyrolusite, not psHomelane (a 
point to which I shall allude again)! I do not think there can be any reasonable 
doubt that the laterite, inclusive of the ore, is rock laterite, not detrital. Such 
is the view which Mr. Medlicott also took : “ This laterite is of the older type ; at 
least in the exposed sections I could not detect any palpable debris , which gene* 
rally characterises the secondary or detrital laterite. It is therefore presumable 
that the lumps of ore are in rate, and that the manganese is an integral component 
of the laterite in this position.” 1 * * * * 

With reference to the original source from which the manganese was derived, 
it is I think scarcely open to doubt that it is to be sought in the strong band of 
manganiferous micaceous iron which outcrops along the southern side of the Lora 
range and again at Gosalpur*, But, as I said in the preceding paper, the man- 
ganese in this ore occurs mainly, if not entirely, in the form of psflemelane, 
while the manganese of the laterite is mainly pyrolusite. The latter, therefore, 
cannot be the result of mere mechanical degradation and transport, unless it be 
supposed that the nodules in which the oie occurs are pebbles, originally of one 
mineral which has subsequently been changed into another. Tbis mode of origin 
is rendered very unlikely by the absence of any other recognisable debris in the 
manganese stratum. 

If the latter be not a mechanical deposit, it must be a chemical one. Carbonate 
of manganese being, like carbonate of iron, soluble in water holding carbonic acid 
in solution, the former metal is capable of being leached out and re-deposited in the 
same, or nearly the same, way as the latter 8 . During the deposition of the main 
stratum of manganese ore, the water appears to have held little but manganous 
carbonate in solution, while at the time the laterite below was formed, ferrous 
carbonate was the chief substance dissolved, but with some manganous salt, the 
manganese subsequently separating itself into nodules by segregatory action. 
Specimens may be obtained consisting in part of ordinary laterite, and partly of 
manganese oxide. 

The occurrence of this manganese laterite, interbcdded with ordinary ferrugi- 
nous laterite, furnishes, I think, strong evidence in favour of the view as to the 
origin of the latter which I have advocated in a former paper* namely, that 
laterite is (in as far as the iron is concerned) a chemical deposit due to the 
leaching out and redeposition of iron through the agency of decaying vegetation 
and the carbonic acid produced by its decomposition. I of course am speaking of 
the first only of the three forms of laterite which I believe are now generally 
recognised, viz 

1st. — Laterite due to deposition, and excluding the 3rd form. 

2nd.-~Laterite due to the alteration of other rocks in situ , 6 . 


1 Vol. XII, page 99* 

« Page 102. 

* Vtds Vol. XIV, page 145. 

« 1H&, paga 180. 

9 Some example? of this form tie noticed in the preceding paper. 


pages 97, 08. 
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3rd. — Detrital latent© due to the de n u da t ion and redepoeition of the 14 qr 
2nd form. 

With reference to the amount of manganese ore obtainable, it is not easy to 
form any decided opinion. I think, however, that there is a fair ohanoe of the 
layer being somewhat extensive, although very likely subject to much irregularity 
in level and the amount of overburden covering it, and perhaps in ttnoVn«f E ^g 0 . 
When there is a demand for the mineral, the bed might be followed from the present 
diggings, and the superincumbent latent utilised for road metal on the Deccan 
road which passes close by. 

It will have been seen that the reason wby so little ore was obtained from the 
shaft was that the latter passes through the manganese stratum into quartz schist 
below it. The shaft, indeed, merely exposed the thickness of the bed, but proved 
nothing as to its lateral extension. 

In the preceding paper I have pointed out that a considerable quantity of 
psilomelane occurs with the manganiferous micaceous iron at Gosulpur. If the 
latter tore worked in connection with iron-making, the psilomelane would be 
raised at the same time, and available as an ore of manganese. On assay it 
yielded 83*20 per cent, of available peroxide, or about the same amount as the 
lateritic pyrolnsite. From both sources combined it may be reasonably hoped 
that a considerable supply of ore will be procurable when there is a demand for 
it. 

Further note* on the Umaria Coal-field ( South Rewah Gondwana Basin), by Thbo. 

W. H. Hughes, A.R.S.M., F.G.S., Geological Survey of India* 

In my notes of last year on the Umaria coal-field were embodied the general 
results inferable from the evidence afforded by the preliminary experiments 
carried out under the management of the Rewah State : that coaly matter 
occurred in abundance ; that it lay at a shallow depth from the surface over 
a proved area of 1£ square miles ; that it thickened to the deep ; that the gradient 
was low and advantageous for working; and that the quality of the coal at the 
outcrop was encouraging. 

The promise was a fair one, and from the exceptionally commanding geogra- 
phical position of the field it required small advocacy to show that if the expect- 
ations based on the introductory enquiries were confirmed, a splendid reserve of 
coal had been established. I am happy to Bay that Captain Barr, the Politieai 
Agent of Rewah, bus keenly appreciated the exigencies of the case, and bis far- 
ther sanction has been obtained for carrying out such trials as shall set at rest any 
apprehensions that prudence may give rise to. 

I confess that I have little or no misgiving as to the worth of the Umaria and 
the adjacent Johilla fields, and I have belief enough in my opinion to gi to 
it expression. But I admit the necessity of verification; and, in view of the 
important issues dependent upon the true practical estimate of these fields, I 
strongly commend the course that had been suggested of reducing to its naxrovrest 
limits the margin of uncertainty regarding the nature, quality, and permanency of 
their seams. 
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To achieve thil object) it was determined that the coal should be approached 
under the ordinary conditions of approved mining. There were two plana open 

Shaft determined upon. for ado P tion * either to drive an incline from the outcrop, or 
to sink a shaft to the seam. The second method was pre- 
ferred, as being in every sense more workman-like, and as affording more scope 
for efficiently dealing with an influ* of water ; and on the 11th March 1883, a pit 
o£ 10 feet internal diameter waa commenced under the charge of Mr, T homa s 
Forster, M.E. 


The position of the pit is near No. 8 bore-hole, where Mr. Stewart struck coal 
_ at 93 feet from the surface and recorded the thickness of 

coJd^No. °8 WhoK the 868111 68 10 feet I had a strong wish to go further 
to the deep towards No. 9 bore-hole, but l was deterred 
by the dread of water, and the ponibly heavy outlay that would have to be 
incurred for pumping machinery. 

In an untried field it is always impossible to gauge the water difficulty, and 
1 selected the spot for the trial shaft where 1 anticipated the least amount of 
inconvenience on this score. The choice has been up to the present justified by 
Wftter the results, for though the shaft is 40 feet deep one work- 

. man occasionally bailing suffices to keep it dry. Should 
the pleasant expectation that this fact gives rise to bo strengthened by further 
experience, I would certainly recommend another pit near Ho. 9 bore-hole 
being put down. In the future development of the field, it would act as a 
ventilation channel ; and in the initiatoiy stage it would yield another point where 
the quality of the coal might be judged. 


According to the journals of last year, two seams measuring respectively 
10 feet and 6 feet were passed through in No. 9 boring, 


No. 9 bore-hole. 


and I remember that the coal brought up in the sludger was 


very clean and bright. The section of the hole is as follows 

No. 9 bore-hole — 



1. 

Black ■ or face soil 







V 0" 

2. 

Brown sandy soil . 







r o r 

8. 

Brown sandstone 







9' 0" 

4. 

Bed sandstone 







*y if 

6. 

Carbonaceous shaly sandstone 







8* 0* 

6. 

Carbonaceous sandstone 







18* if 

*. 

Coal . • * • . 







st cr 

8. 

Carbonaceous shale 







V if 

9. 

Carbonaceous shaly sandstone 







S' 0* 

10. 

Coal 







lit if 

II. 

Carbonaceous shaly sandstone 







r if 

12. 

Carbonaceous shale • 







V if 

18. 

Coal 







# (f 

14. 

Carabonaoeons shale 







l' (f 

16. 

Coal 





Total 


# if 

or o' 
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As the trial shaft has not yet reached coal, I have not much to comment 
upon ; but I would explain that a more favourable record of labour could hare 
men shown had local skilled artisans been available, and had not vexatious 
delays occurred in procuring and transporting the mining plant, and in gathering 
together the necessary building materials. It has also been a misfortune that 
Mr. Forster was continuously indisposed, and that his illness at one time was so 
aggravated that he had to go to Jabalpur for European medical advice. Not- 
withstanding all these drawbacks, very fair progress has been made ; and com- 
pared with the experience during the early days in the Wardha Valley coal-field, 
there is considerable room for congratulation. 

The main operations are those in connection with the shaft and the workings 
that will be extended from it ; but in order to gain some immediate information 
respecting the seam, and at the same time win a little coal for night fires, smiths 
fires, limestone burning and brick burning, a narrow 6-feet incline was driven 


Incline 6 f wide. 


down to the deep from the quarry made last year. It has 
been advanced a distance of 20 yards. Throughout that 


length the seam retains nearly the thickness that it has at the outcrop, and for 
comparison I give the sections that are seen at the extreme ends of the incline. 


Outcrop (1882) Heading (1888). 
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Goal hard 


. 


6" 

10" 

« 

Stony hand 


. 
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W 

(«) 
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• 

6 f 
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</> 
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It" 

(9) 

Stone band 


. 


. 2" 

V 

W 

i 

i 

• 

. 


. 2 # 0" 

2' O' 
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Mr. Forster says that the coal works easily, and that there is a thin band of 
soft shale under the bottom of the seam which will faci- 
of oplnion litate pricking, and so reduce very materially the amount 

of waste. The roof is an excellent one, and not a single 
stiok of timber has been required to support it. This is a most favourable feature 
in the estimation of the seam, for when a roof is bad the expenditure under the 
heading of timber forms a considerable item. With respect to the quality, the 
bottom 2 feet and the bright coals are excellent ; but the hard band lettered (d), 
and which varies in thickness, would have to be picked out, as it olinkers very 
easily. The addition to the cost of getting the coal that this picking would 
entail might be set down at quarter of an anna a ton. 

The operations are not sufficiently advanced yet to yield facts on which to base 
conclusive inferences ; but I may venture to say that the aspect of affairs up 
to the present is not discouraging. 


The amount so far expended on the works and establishment is Rs. 8,000, 


Expenditure, 
tons of coal* 


and a further sum of Rs. 10,000 has been allowed for the 
completion of the enquiry, including the raising of 500 
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At a small additional cost the Johilla Talley seams can be tested, as the 
Johilla sesms* necessary machinery and other plant will be at band, and 
trained men will be available. 1 would strongly urge that 
these seams be not overlooked, and a less elaborate method of procedure to that 
adopted in the Umaria field may be followed. 

A period of six or seven months ought to be quite time enough in whieh to 
carry out the plans now in hand, and by the end of the next working season, I 
trust we shall be able to give practical answers to all practical questions. 

Umaria. 

23rd May 1SS2. 


DONATIONS TO THE MUSEUM. 

Donor t. 

Coal from Kywaising, Henzada, Burma. 

Ths Chirp Coxxnsiojrxx, Burma. 
Auriferous quartz from various localities in the Nilgiri district, Madras. 

k Brooch Smtts. 

Tinstone from Mt. Bisohof, Tasmania. 

W. G. Olphxbts. 

Henlandite from Dumbartonshire, and two concretions from ths Permian limestone of 
Sunderland. 

Dr. G. Wat*. 

Red hematite, micaceous iron, and limonite from the Jabalpur district, with a bloom of iron 
smelted from each ore ; also pyrolusite from Gosulpur. 

W. G. Olphkrts. 

A slab of Bhanrer sandstone with dendritic markings, from near Satna, E. I. B. 

G. Pxddxb. 

Opal in a ferruginous matrix, from Queensland. 

G. Nevill. 


ADDITIONS TO THE LIBRARY. 

From 1st Jaxuaby to 31st Maboh 1883. 

Title* of Books. Donor*. 

Abich Hbbrmanjt. — Geologisohe Forschungen in den Kaukasischen Landern. Theil II, 
with Atlas (1882), 4to. Sl fol., Wien. 

Bborm’s.— Klassen und Ordnungen des Thier-Reichs. 

Band I, Protozoa, lief. 14—19. 

Band YI, Abth. Ill, Reptilien, Lief. 36 (1882), 8ro., Leipzig. 

Capbllzhx, G.— Congrhs Gdologique Inter nationaL 2me Session, Bologna, 1881, (1882), Sra, 
pht., Bologne. 

Thx Authors 

Catalogue o f the Jeypore Exhibition for Indian Baw Produce, Arts and Manufactures (1888), 
8vo., Calcutta. 

Thb Hour. Sbct. 

Church, Arthur Hiuctibt.— Laboratory Guido for Agricultural Btudesta, 8th Ed ition 
(1882), 8vo«, London. 
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Titles qf Boohs* Donors 

Descriptive Catalogue of Article! exhibited at the Calcutta Exhibition of Indian Art Mann- 
factum, 1888, held at the Indian Museum in Januaiy 1882, (1888), fisc. 
Calcutta. 


Thb Shcbbtabt. 

Diwalqub, M. G.—Sur la nouvelle note de M. E. Dupont conoernant aa revendication da 
priority (1882), 8vo., pht. f Bruxelles, 


Thu Author 

Dutton, 0. E.— Report on the Geology of the High Plateaus of Utah, with Atlas, (1880), 
4to., Washington. 

Hbbb, Db. Oswald.— Flora Fossilis Arctica, Band VI, Abth. 2 (1882), 4to., Zurich. 

Hofbmbistbb, Db. Wbbnbb. — Travels in Ceylon and Continental India, including Nepal 
and other parts of the Himalayas, to the borders of Thibet (1848), 8vo., 
Edinburgh. 

Keane, Augustus H.— Asia, with Ethnological Appendix ; edited by Sir Richard Temple 
(1862), 8vo., London. 

Labaulx, Db. A. Von.— E lement© der Petrographie (1875), 8vo., Bonn. 

Novak, Db. O, — Studien an Hypostomen Bohmisoher Trilobiten (1880), 8vo., Prag. 

Thb Authob, 

„ Fauna der Cyprisschiefer des Egerer TertiHrbeokens (1877), 8vo., Vienna. 

Thb Authob. 

„ Ueber Gryllaoris Bohemioa einen nenen Locustidenrest aus der Steinkohlen~ 
formation von Stradonitz in Bdhmen (1880), 8vo., Wien. 


Thb Authob. 

„ Bemerkungen zu Kayser's “ Fauna der Alteren Devon-Ahlagerungen de 
Harzes ” (1880), 8vo., Wien. 

Thb AuTHOBr 

„ Beitrag znr Kenntniss der Bryozoen der Bohmischen Kriedeformation 
(1877), 4to., Wien. 

Thb Authob, 

„ Ueber Bfthmisohe, ThUringische, Greifensteiner and Harzer Tentaouliten 
(1882), 4to., Wien. 

Thb Authob. 

Qubnstbdt, Fb. Aug.— Handbook der Petrefaktenkunde. Auflage 8, Lief 6—7 (1882), 4to. 
Ttibingen. 

„ Petrefactenkunde Deutsohlands, Band VII, heft 8, Gastropoden 

(1882), 8vo n Leipzig. 

Ramsay, Albxandbb.— Rudiments of Mineralogy, 2nd Edition (1874), 8vo M London. 

Rbnault, M. B.— Couts de Botanique Fossile. Annde III, Fongkres (1888), 8vo., Paris, 

RiohtHOvbn, Babon F.— The Natural System of Volcanic Rooks, Vol I (1868), 4to., 8m 
.Francisco. 

Rosknbusch, H.— Mikroskopische Physiogiaphie der Massigen Gesteine (1877), 8vo* Stutt- 
gart- 

The Norwegian North- Atlantio Expedition, 1876-1878, VIII Zoology ; Molluscal, Buooinid» f 
by Herman Freile ; IX Chemistry by Ludwig Sohmelok (1882), ,4to^ Chris- 
tiania. 


Edl. Cornua., Nobwbgian Nobth-Altantio Expedition. 
Zibkbl, Db. Fbbdinand.— Untsraurimngcn ttber die Mikroshopiaoht Zuaammsnsetzung and 
Structur der Basaltgesteine (1870), 8vo« Bonn. 
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Title* qf Books. Donors. 

Zittbl ,Karl. A.— Ifendlmoh d er Palmontologie, Band I, Abth. II, Lief 2 (1882), 8vo., 
Mtindwn. 

PERIODICALS, SERIALS, Ac. 

Annate der Fhysik end Chemie, None Eoige, Band XVD, No. 18, A XVIII, Noe. 1— 
(1882-83), 8m, Leipzig, 

Annalee dee Mines, tee Sdrie, VoL I,livt.4 (1882), 8m, Paris. 

L'A warn, nn Minns, 

Annalee dee Sciences Naturalise, toe Sdri*, Botanist, Tone XIV, 'Nofc. 4 to 6, A XV, No, 1, 
(1882*83), 8m, Paris. 

Annals and Magazine of Natural History, to Series, VoL XI, Nos. 61—88 (1883), 8m 
London. 

Afthenaum, Nos. 2876—2888 (1882-83), 4to„ London. 

Beiblatter zu den Annalen der Physilrund Chemie, Band VI, Noe. 11 A It; VII, No. 1, 
(1882-83), 8m, Leipzig. 

Bibliothbque Universelle. Archives des Sciences Physiques et Naturelles, tee Pdriode, Tome 
VIII, Nos. 9—11 (1882), 8m, Genbre. 

Bibliothbque Univereelle et Revue 8uisse, 3me Pdriode, Tome XVI, Nos. 47 A 48 ; XVII 
No. 49 (1882-83), 8vo., Lausanne. 

Botanisches Centralblatt, Band XIL Nos. 9—13, and XIII, Nos. 1—7 (1882-83), 8vo., 
Cassel. 

Chemical News, Vol. XL VI, Nos. 1202—1206 ; and XL VTI, No. 1206—1214 (1882-83), 4to., 
London. 

Colliery Guardian, VoL XLIV, Nos. 1144—1148 ; and XLV, Nos. 1149—1166 (1882-88), 
fol., London. 

Das Ausland. Jahrg. LV, Nos. 49—62 ; and LVI, Nos. 1—8 (1 882*88), 4to., Mtinchen. 

Geological Magazine, New Series, Deoade II, VoL IX, No. 12.; and X, Nos. 1—3 (1882-83), 
8vo., London. 

Iron. Vol. XX, Nos. 617—620 ; and XXL Nos. 621-629 (1882-83), fol., London. 

Journal de Conohyliologie, 3me, Sdrie, Tome XXII, No. 3 (1882), 8vo., Paris. 

Journal of Science, 3rd Series, VoL IV, No. 108 ; and V, No. 109 (1882-83), 8vo., London. 

Tab Editor. 

Just, Db. Lbof. — Botanisoher Jahresbericht, Jahrg. VI, Abth. IL heft 4 and 6 ;and VII, 
Ahth. H, heft 2 (1882-83), 8vo., Berlin. 

London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science^ 6th Series, 
Vol. XV, Nos. 91-93 (1883), 8m, London. 

Mining Journal, with Supplement, Vol. HI, Nos. 2467 — 2471 $ and LHI, Nos, 2472—2479, 
(1882-88), foL, London. 

Natures Novitates, Nos. 24—26 (1822), and Nos. 1—4 (1883), (1882-83,) 8vo, Berlin. 

Nature, Vol. XXVII, Nos. 684-696 (1882-83), 4to., London. 

Neues Jahrbuoh fur Mineralogie, Geologic and Palaeontologie, Jahrg. 1883, Band L heft 1 
(1883), 8m, Stuttgart. 

„ H Beilage-Band. heft 2 (1882), 8m, Stuttgart 

Palflsontographioa, Band XXIX, lief. 2 (1882), 4to., CasseL 

Petermann's Geograpbisohe Mittheilungen, Band XXVIII, No. 12 ; and XXIX, Nos. 1—8, 
(1882-83), 4to., Gotha. 

Quarterly Journal of Miorosoopioal Soienoe, New Series, Vol. X X 1I L No. 89 (1688), 8m, 
London. 

Zoofatfeal Record for 1881, VoL XVIII (1882), 8vo„ London. 
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Title* qfBook*. Donor* 

GOVERNMENT SELECTIONS, REPORTS, Ac. 

Bombay.— R eport on the Administration of the Bombay Presidency for 1881-82 (1888)» 

v 8vo., Bombay. 

Bombay Goysbnmsvt. 

British Bubma.— Report on the Administration of British Burma during 1881-82 (1882) f 
fisc., Rangoon. 

Chief Commissioner of British Bubma. 

India.— Catalogue of books in the Library of the Intelligence Branch of the Quarter Master 
General's Dept, in India. Part I, Nominal Order, with Accessions to 80th 
June 1882. Part II, Classified Order (1882), 8vo„ Simla. 

Quae. Master Geml., Intbll. Branch. 

„ Extract from General Walker's Report on the Operations of the Surrey of India 
for the year 1881-82. The Earthquake on the 81st December 1881 (1682), 
fisc., Calcutta. 

Su&yeyob General or India. 

„ Indian Meteorological Memoirs, Vol. II, part 1 (1882), 4to , t alcutta. 

Meteorological Reporter to Goyt of India. 

„ Registers of Original Observations in 1882, reduced and corrected, Januaiy and 
February 1882 (1882-83), 4to., Calcutta. 

Meteorological Reporter to Goyt. of India. 

„ lost of Officers in the Survey Departments on 1st January 1883 (1883), fisc., 
Calcutta. 

Rey and Aori. Dept 

„ Robs, Lieut. Col. E. C. — Report on the Administration of the Persian Gulf 
Political Residency, and Muscat Political Agency for the year 1881-82 
(1882), 8vo., Calcutta. 

Foreign Department. 

Madras. —Report on the Administration of the Madras Presidency daring 1881-82 (1882), 
8vo., Madras. 

Madras Goyt. 

N» W. Provinces.— White, Edmund.— Report on the Census of the N. W. Provinces and 

Oudh, 1881 (1882), fisc., Allahabad. 

Goyt. N. W. P. and Oudh. 

„ „ Do. do. and Supplement (1882), fisc , Allahabad. 

Rey. and Agbi. Deft. 

Punjab.— Report on the Administration of the Punjab and its Dependencies for 1881-82 
(1882), 8 yo«, Lahore. 

Punjab Goyt. 

TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES, SURVEYS, Ac. 

Amsterdam. — J aarboek van hat Mijnweaen k Nederlandsch Oost-IndiS, Jahrg. XI, No. 2 
(1882,) 8 yo„ Amsterdam. 

Nether land* Colonial Department. 

Basel. — Varhandlungen der Naturforsobenden Gesellsohaft in Basel* VdL II, heft 2, pp* 
137—168, and heft 3, pp. 249—296 (1869), 8yo« Basel* 

The Society. 

Berlin.— Bitsungsberiohte der Kfaiglich. Preujnisehen Akademie dor WUsensohaften to 
Berlin, I— XVII (1882), 4to., Berlb. 


The Academy. 
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Title* if Book*. Dot tore. 

Bisuv.— 2aitMbdft te Deutoehen GeolugUchco GcseBschaft, Baud tXXIV, halt 8 (1886). 
8to* Berlin.' 

Tn Soonvr. 

Bomba!.— Journal of the Bombay Branch of the Royal Asiatic Society, Vol. XV, No, 40, 
(1688), 8v«w, Bombay* 

Tot Sootwr. 

Bobtoe.— Proceeding* of the American Aoatomy «f Alta and Sciences, New Series, Tel. IX 
(188S), 8vo„ Boston. 

f&to AnApafc* 

„ Memoirs of the Boston Society of KaMU Rfetocy, Tel. ’ XU, Mbs. 4r— 5 (1881), 
4to., Boston. 

fsn Society, 

„ Proceedings of the Boston S oc iety ef Natural History, VoL XXI, parts 2—8 
(1882), 8vo., Boston. 

fen Socotvt. 

Breslau. — Neonandfunfzigster Jahres-Berioht der Schlesischsa GeseUschaft ffir Vaterlin 
disohe Cultur fur 1881 (1882), 8vo., Breslau. 

Tbs Society. 

Brussels —Bulletin de la Sociltl Royale Beige de Geographic, Annie VI, No 5 (1888), 
8vo., Bruxelles. 

Tot Sooiett. 

„ Bulletin du Mnsle Royale d'Histoire Naturelle de Belgique, Tome 1, 1882. 
Noe. 2—8 (1882), 8vo., Bruxelles. 

Tot Museum. 

„ Extrait da Bulletin du Mu.de Boyale d’ Hi»toire Naturelle de Belgique Tomli 
I (1882), 8 to., Bruxellee. 

Tsi Mtmmnt. 

„ Muede Boyale d‘ Higtoire Naturelle de Belgique. Servioe de la Carte Gdologique 
du Royaume. Explication de la Feuille de Ciney, par fi. Dupont et Michel 
Mourlon. With fol. maps (1882), 8m, Bruxelles. 

The Museum. 

„ Proofte-Yerbal d. la Sooidtd Boyale Malaoologique de Belgique, pp. LXXT- 
CLIV (1882), 8vo., Bruxelles. 

The Sooiett. 

Buffalo— Bulletin of the Buffalo Society of Natural Sciences, Vol. IV, No. 8 (1882), 8m, 
Buffalo. 

Tn Sooiett. 

Calcutta.— Journal of the Asiatio Society of Bengal, New Series, Vol. L, Extra Mo. to 
Parti (1882), and Vol. LI, Part I, Nos. 8 and 4, and Pert II, Nos. 2— 4 
(1882*88), 8m, Calcutta. 

^ The Sooiett. 

„ Proceedings of the Asiatio Society of Bengal, Noe. IX*X (1882), and Mo. I 
(1883), (1882*88), W, Calcutta. 

Tn Sooiarr. 

„ Memoirs of the Geological Survey of India, VoL XIX , Part 8 (1888), 8vo«, 
Calcutta* 

Qbolooioix Seam o* Iydu. 
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Titles of Boohs. Donors 

Calcutta.— Paloontologia Indian Series XII, Vol. IV, Pari: 1 ; Series XIII, Vol. I, Part A 
faso. 1 ; Series XIV, Vol. I, Part 8, faso. 2 1 and series X, VoL II, Part 4 
(1882), 4to., Calcutta. 

Geological Survey of India. 

„ Beoords of the Geological Surrey of India, VoL XVI, pt. 1 (1888), 8ro., Calcutta. 

Geological Survey of India. 

„ Beport of the Archmological Survey of India, Vol. XV (1882), 8vo., Calcutta. 

Home Department. 

Cambridge. Mass. — Annual Report of the Curator of the Museum of Comparative Zoology 
for 1881-82 (1882), 8vo., Cambridge. 

The Museum of Comparative Zoology. 

Cambridge, Mass. — Memoirs of the American Academy of Arts and Sciences, New Series. 
Vol. X, Part 2 (1882), 4to., Cambridge. 

‘ " The Academy. 

Copenhagen.— Mdmoires de 1' Acaddmie Royale de Copenhague, 6me Sdrie, Vol. I, Nos. 6 — 
8, and II, No, 3 (1882), 4to., Copenhagen. 

The Academy. 

„ Oversigt over dot kong. danske Videnskabemes Selskabs, No. 2 (1882), 8vo., 

Copenhagen 

The Academy. 

Dbhra Dun. — Account of the Operations of the Great Trigonometrical Survey of India, 
Vols. VII and VIII (1882), 4to., Dehra Dun. 

Gbeat Trigonometrical Survey of India. 

Dresden.— Sitzungsheriohte nnd Abhandlungen der Natnrwissenchaftlichen Gesellschaft 
Isis in Dresden, Jahrg. 1882, Juli bis Dec. (1883), 8vo., Dresden. 

The Society, 

EDINBURGH.— Proceedings of the Royal Society of Edinburgh, Vol. X, Nos. 104—106 
(1878-80), 8 vo., Edinburgh. 

The Society. 

Glabus.— ' Verhandlungen der Schweizerischen Naturforschenden Gesellschaft in Linthal. 
66 JahreBversasnmsung Jahresbericht 1881-82 (1882), 8vo., Glarus. 

The Society. 

Glasgow.— Proceedings of the Philosophical Society of Glasgow, Vol. XIII, No. 2 (1882), 
8vo«, Glasgow. 

The Society. 

Harrisburg, — Second Geological Survey of Pennsylvania: Report of Progress T*. The 
Geology of Bedford and Fulton Counties, by J. J. Stevenson (1882), 8vo., 
Harrisburg. 

\ Prof. J. J. Stevenson. 

Hobart Town.— Monthly Notices of Papers and Proceedings and Reports of the Royal 
8ooiety of Tasmania for 1879 to 1881 (1880-82), Svo., Hobart Town. 

The Society, 

London.— Journal of the Anthropological Institute of Great Britain and Ireland, Vol^XII, 
No* 2 (1882), 8vo., London. 

„ Journal of the Royal Asiatic Society of Great Britain and Ireland, New Bones, 
Vol. XIV, pt. 4 (1882), 8vo., London. 

The Society. 

„ Journal of the Society of Arts, Vol. XXXI, Noe. 1668—1680 (1882-88), 8vo* 
London, 


The Society, 
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Titles qf Books. Dotor*. 

Loxdow.— Lilt of lhlloiw* And Hottmry Member, of the CMogioal SooMgr oorantedte 
lrt November ISAS (188S), 8to., London. 

An Sooner. 

„ Quarterly Journal of the Geologioal Society, Tol. XXXVIII, Part IV, So. 108 
(1882), 8to., London. 

Tn Soourr. 

„ Proceeding, of the Royal Geographical Society and Monthly Record of Geography, 

New Seriee, Vol. IV, Noe, IMS, and V, No. 1 (1882-88), 8vo. London. 

Aka Soonrr. 

„ Proceeding* of the Zoological Seetety of Xoadenfor 1888, Partin (1881), 8m, 
London. 

The Society. 

„ Transactions of the Zoological Society of London, Vol. XT, pt. 7 (1882), 4to., 
London, 

Tuv Society. 

Madrid.— Bole tin de la Sooiedad Geographica de Madrid, Tome XIII, Nos. 8, 8 (1882), 8vo., 
Madrid. 

The Society. 

Manchester. — Transactions of the Manchester Geological Society, Vol. XVII, Farts I— IV 
(1882-83), 8vo., Manchester. 

The Society. 


Melbourne.— Reports of the Mining Surveyors and Registrars for quarter ending 30th 
September 1882, (1882), Use., Melbourne. 

Mining Department, Viotobia. 
Minneapolis. — Bulletin of the Minnesota Academy of Natural Sciences, Vol. II, Nos. 2, 8 
(1881), 8vo., Minneapolis. 

The Academy. 

Moscow.— Bulletin de la Sooidtd Impdriale des Naturalises de Moscow, Annde 1881, No. 
4b and 1882, No. 1 (1882), 8vo., Moscow. 

The Society. 

„ Table Gdndrale et Systematiqne des Mati&res da Bulletin de la Socidtd Impdriale 
des Naturalises de Moscow, Anndes 1829-81 (1882), 8vo., Moscow. 

The Society. 


New Zealand.— Catalogues of the New Zealand Diptera, Orthopera, Hymenoptera, with 
descriptions of the species (1881), 8vo., New Zealand. 

Colonial Museum, New Zealand. 
„ Reports of the Geological Explorations during 1881, with Maps and 

Sections (1882), 8vo., New Zealand.. 

Colonial Museum, New Zealand. 


Paris.— Bulletin de la Socidtd Gdologique de France, 3me. Sdrie, Tome X, Nos. 1, 8—4 ; 
VII, No 11 ; Vm, No. 7 (1878-82), 8vo., Paris. 

The Society. 


Phi ladelphia .-^-Journal of the Franklin Institute* 3rd Series, VoL LXXXIV, No. 6; 
LXXXV, Nos. V8 (1882-83), 8vo., Philadelphia. 

Thb Institute. 

„ Proceedings of the American Philosophical Society, Vol, XX, Nos. 110, 

111 (1881-82), 8vo„ Philadelphia. 

the Society. 

Banditti B. Ao odemia d«i Luum, 8rd Seriea, Traaiunti, VoL VH, faeo. 1—3 
(1883), 4to., Boom. 


Tn ionn. 
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St. Petembyeo.— -B eitTige inr fcenntnias dee Bnemsefcen Reiches usd der Angrenaenden 
lender Asians, 2nd 8eriee, Bud V, with Atlas (1822), 8m, St Petenbowg, 

Thi Imps rial Academy. 

n Mdmohes de L* Acaddmie Imperial© des Sciences de fit. Fetersbourg, 

Tome XXX, Nos. 4 and 6—8 (1882), 4to., fit. Peteftbourg. 

The Academy. 

Sydney.— Annual Report of the Department of Minea, New Sooth Wales, for the year 1880, 
(1881), 4to., Sydney. 

The Sooiett. 

„ Journal of the Royal Society of New South Wales, 1881, Vol. XV (1882), 8vo., 
Sydney. 

The Society. 

„ New South Wales in 1881 (1882), 8vo., phlt., Sydney. 

The Society. 

„ The Minerals of New South Wales, by Archibald Liversidge, 2nd Edition (1882), 
4to., Sydney. 

The Society. 

Vienna. — A bhandlungen der X. K. Geol. Reichsanstalt, Band VII and X (1882), 4to., Wien. 

The Institute. 

„ Jahrbnoh der E.E. Geologiscben Reicbsanstalt, Band XXXII, 2-3 (1862), 4to., 
Nos. Wien. 

The Institute. 

„ Verbandtungen der E. E. Geologiscben Reichsanstalt, Nos. 14 — 17 (1882), and 
No. 1 (1883), (1882-83), 8ro., Wien. 

The Institute, 

Washington.— Annual Report of the Commissioner of Agriculture for 1880, (1881), 8vo., 
Washington. 

Department of Agriculture, Washington. 

„ List of Foreign Correspondents of the Smithsonian Institution corrected to 

January 1882, (1882), 8vo., Washington. 

The Institute. 

„ Powell, J. W.— First Annual Report of the Bureau of Ethnology to the 

Secretary of thfe Smithsonian Institute, 1879-80, (1881), 8vo., Washington. 

The Institute. 

„ Smithsonian Contributions to Knowledge, Vols. XXII-XXM (1880-81), 

4to., Washington. 

Thb Institute. 

„ Smithsonian Miscellaneous Collections, Vols. XVII to XXI (1880-81), 8yo., 

Washington. 

The Institute. 

„ Report upon United States Geographical Surreys west of the lQOdth Meri- 

dian, Vol. HI, Supple., Geology (1881), 4to., Washington, 

Captain Geo. M. Wheeler. 

„ Stevenson, Prof. John J.— Report upon Geological Examinations in 

Southern Colorado and Northern New Mexico during the years 1878 and 
1879, (1881), 4to., Washington. 

Peon. J. J. Stevenson. 

„ United States Geological Exploration of the 40th Parallel, ft&o&tornithes, by 

O^hniel Charles Marsh (1880), 4to., Washington. 

The United States Geological fitter**. 


April Mik. 1383. 
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On the microscopic structure of some Dalhousie rocks — By CoLOffSL 0. A. 
McMahon, F.G.S. ( With two plates.) 1 

The gneisbosb granite. 

In order to avoid repetition it will be convenient to describe the following 
sample specimens of the Dalhousie granitic rocks together. An account of their 
maoroscopioal and lithological aspect has already been given in my paper on the 
geology of Dalhousie {supra Vol. XV, p. 34). 

Specimens described . 

No. 1. Porphyritio gneissoee granite. Bakrota Upper Mall, Dalhonaie. 

M 2. Ditto from the same locality. 

„ 3. Fine-grained granite from the summit of Dainkimd. 

it 4 Granite from the same locality. 

it 5. Another specimen from the same locality. 

M 6. Gneisaoee granite on the road from the chnrch to the brawny, south-west 
side of the Dalhonaie ridge. 

„ 7. Porphyritio variety on the same road. 

„ 8. Another porphyritio speoimen from the same locality. 

„ 9. Gneissoae granite on the road from the church to the water-works, sooth* 
east side of the Dalhousie ridge. 
n 10. Another speoimen from the same locality. 

w 11. Fine-grained granite near Chil on the Dalhousie and Ohamba lower road. 
n 18. White granite on the same road about two thirds of the way to tUL 
„ 13. Prophyritio variety with very finegrained matrix, having a superficial 
resemblance to a felspar porphyry. Between Dalhonaie sad Ghil, on lower 
mad to Ohamba. 

n 14 A light-ooloured gtteissose granite from the same looaBty. 

„ 16. Gneissoae granite in actual contact with the elate* on the road to Bakloh 
(above the slate quarries), Dalhousie. 

1 It is due to Colonel McMahon to state that this paper has Been in my hands aioos the 
15th March, and was in type for the May number of the Records, but had to he deferred on 
account of delay in obtaining the heliogravure copper-plates. This was particularly unfortunate 
when them is so muoh dlso oasiou going on regarding gneis s ose granite.— H, B. MmttooR. 
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All the above specimens are rich in quarts, and, as is usually the case in 
granites, this mineral polarises with great brilliancy. The polysynthetio structure 
is extremely prominent, and is very characteristic of the quarts of these rocks. 

^ Dr. Sorby 1 states that “ the quartz of thin foliated gneiss and mica schist 
differs from that of granite in having a far less simple optic structure • * • 
44 instead of the larger portions of quartz being made up of a few comparatively 
large crystals, they are frequently composed of very many closely dove-tailed 
together, aB if formed in situ.” On the following page he goes on to state : 44 1 
have been unable to detect anything that would serve to distinguish the quartz 
of thick foliated schists from that of true granite.” 

An attempt has been made at fig. 1, plate I, to depict the appearance of the 
quartz, as seen in slice No. 1, in polarised light. The quartz is seen to be com- 
posed of a number of large crystals and of congeries of microscopic grains sug- 
gestive of the roe pf a fish. The small grains polarise as brilliantly as the large 
ones, and they add greatly to the beauty of the slices under the polariscope. 

The fish-roe grains for the most part divide large grains of quartz from each 
other, forming a brilliant setting to them ; sometimes this setting is thick, as in 
my illustration, but at others it iB limited to a single line of crystals. Cracks in 
felspars filled up with these micro-crystals are common, and occasionally irregular 
branches meander into the interior of large crystals of quartz. 

Some specimens of granite collected by me on the Grimsel pass, Switzerland, 
contain exactly similar fish-roe grains intermixed with larger grains of quartz. 

On the whole I do not see sufficient grounds for regarding this polysynthetio 
structure as affording evidence of the original clastic origin of the Dalhousie 
rocks. This structure, as seen in these rocks, seems to me rather to suggest that 
the large grains were the result of Blow cooling ; whilst the fish-roe micro-grains 
appear to indicate either a comparatively rapid ending of the process, or condi- 
tions of strain towards its termination. 

The quartz in all the specimens contain liquid oavities with movable bubbles. 
They exist in prodigious numbers in some specimens, whilst in others they are 
sparse ; in most, however, they are abundant. Air, or gas, cavities are also 
present. 

There are apparently some stone cavities. These appear to have either depo- 
sited a second mineral on oooling, or to have caught up opacite or other ■imila.i* 
mbstanoe in the act of crystalliz ati on. 8ome of them appear to contain fixed 
bubbles. These enclosures, however, are so exceedingly minute that they cannot 
be satisfactorily determined with the highest powers applicable. Some microliths 
contain internal cavities, running with the length of the microliths for a portion of 
their length, which undoubtedly indicate shrinkage on cooling. 

All the specimen** without exception, contain more or leas tridiuip felspar. In 
some it is rather* abundant ; in others sparse. It appear* from ft* optical charac- 
ters to be*oligoolase. 

Bight out of the 13 slices contain typical microcline, and in tome of them it is 
abundant. 

1 Axmvetmrj Addiw* Q. J. 0. ft* XXXVI, 48. 



PART 8.] McMahoH : Microscopic structure of some Dalhourie rocks. 181 

Zirkel at pp. 45, 47, of his Microscopical Petrology of the 40th Parallel, des- 
cribes the occurrence of a fibrous orthoolase in granite. A similar felspar it very 
abundant in these rooks- It occurs in all but three of the specimens, the slices 
in which it is not present, namely, Nos. 3, 12, and 14, being those in ^hioh typical 
microcline is also absent. In every slice in which typical uricrooline occurs, the 
fibrous felspar is present. It also occurs in three slices in which the typical mineral 
is absent. The fibrons appearance is only observable in polarised light, and the 
felspar in whioh it occurs seems to me to be a farm of microcline. In some in 
incipient cross hatching oafc be made ctkt ; whilst in one, hi least, it in distinctly 
visible in parts of the fibrous structure* 

Orthoclase is present in all the slices, though, if the fibrous felspar be included 
under the head of microcline, the latter mineral is more abundant &atoerthoebse* 
The triclinio felspar (oligoolase) is very subordinate to the orthoolase and micro- 
dine taken together. ^ 

Much of the felspar is very opaque and has a white glistening appearance in 
reflected light owing to the presence in it of a multitude of extremely minute gas 
or air cavities. Liquid cavities with movable bubbles also ooear here and there 
in the felspar. 

Some of the felspars are studded with numerous microliths of silvery mioa, 
which occasionally, in polarised light, impart to the portion of the shoe in the 
field of the microscope the appearance of graphic granite. Zirkel, in his work on 
the rocks of the 40th Parallel (p. 46), notes the occurrence of a similar structure 
in the granites of Nevada. 

Many of the orthoclases and microclines contain the nsnal intergrowths of 
plagioolase and occasionally grains of quarts. Some of the microcline exhibits a 
tendency to inter-laminated structure resembling that of perthite, only it is finer 
grained and less pronounced. The intergrowth of felspar alluded to is quite dis- 
tinct from the ordinary twinned structure. 

All the specimens oontain muscovite, and in all but three biotite is present. The 
muscovite polarises in delicate but brilliant colours, and some of it is twinned. 
Some of thiff mica contains inclusions in the line of basal cleavage of a substance 
that is absolutely opaque, and black, in transmitted light, and shines with a bright 
silvery lustre in reflected light. 

Muscovite is present in all these slices, not only in good-sised plates end 
but in a form for which I propose the name of crypto-crystalline mica. In this 
form no definite crystals can be made out, the leaflet*, under polarised light, fade 
and melt into each other and exhibit no definite shape ; whilst no signs of 
cleavage or lamination are visible, 

In transmitted light the crypto-crystalline mica vanes from a pale buff to a 
pale grey colour, and has a superficial resemblance to the base of Some falsites and 
rhyolites* In a s pecime n in my collection, labelled Banded felsite, Glencoe (I 
did not myself collect the hand specimen from which the slice wae made), I find 
a precisely similar structure present, along with quarts, and the ordinary Mritie 

of 

The MMia matrix of fobtones to believed to be an intimate mixture of quarto 
and orthodaee; and I euepeofc, from the appearance of aome of mj apeohnem, 
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that the mypto-ciyBtaLline structure of the mica now described may be due to 
an admixture of quarts with the mica. 

The crypto-crystalline mica passes imperceptibly into a condition that weald 
require, strictly speaking, the use of the term micro-crystalline, but in the 
following pages I purpose calling it all crypto-crystalline mica. 

This crypto-ciystalline mica is present in all the slices. It traverses them 
in ropy masses; sometimes it is extremely attenuated and drawn out into thin 
strings; at other times it widens out into comparatively broad expanses. It 
frequently encloses, or leads up to, crystals of musoovite, and of quarts, and more 
rarely embraces other minerals. It meanders through some large crystals of 
felspar ; whilst isolated patches of it are caught up in other felspar crystals. In 
both these last cases it represents, I apprehend, the residuum left after the separar 
tion of the constituents of the felspar. 

All the slices contain magnetite grains and garnets, but in some of them 
both the garnets* and the magnetite grains are very minute. 

Six of the slices, namely, Nos. 3, 4, 7, 11, 12, and 13, contain schorl. It is in 
a rather fragmentary condition, and is much cracked, the cracks being filled with 
quartz. In some cases the fragments appear to have floated some little distance 
from each other. 

No. 15, a specimen of the gneissose granite in actual contact with the slates 
above the slate quarries, is a very interesting and instructive slice, for it exhibits 
in a typical way what appear to me to be decided indications of fluxion structure 
consequent on traction. Both the biotite and the crypto-crystalline mica are 
drawn out into long strings in the direction of the flow. This structure is not 
confined to the larger bands, which oan be discerned with the aid of a pocket 
lens, but even the microliths of muscovite in the quartz are seen, under the 
microscope, to point in the same direction, and to be drawn out into long trains 
or strings. 

Even more characteristic are the gas cavities. Some of these are themselves 
elongated and drawn out in the direction of the flow, and they are arranged in 
lines pointing in the same direction. Some of the gas cavities have deposited 
granular matter on cooling. 

There are also stone cavities, the longer axes of whioh point in the direction 
of the flow. 

This slice seems to me to exhibit, as far as a granite oan do so, as decided 
fluxion structure as that to be seen in rhyolites and obsidians. 

An attempt, to give an idea of the appearance of this slice under the micros- 
cope, has been made at fig. 2, plate II, where the bands of crypto-orystalline mica 
and biotite are represented drawn cut into strings. 

The quarts, though hyaline in transmitted light, is seen between crossed nicols 
to consist almost entirely of the fish-roe grains, previously described, drawn out 
into lines in the direction of the flow. Possibly this structure may depend on 
strain. ' 

A pseudo fluxion structure is doubtless to be seen in many gneissio rooks, but 
that above described can alone be attributed, I think, to the action of traction 
in a rock in motion reduced to a plastic condition by heat* 
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Another piece of evidence in favour of the conclusion that the fluxion str uc ture 
observable in the slice under consideration is due to traction, is to be found in 
the crumpled appearance • of some of biotites. I have sketched one in this slice 
at fig. 4, plate II ; a single crystal, one-half of whioh has been folded over end 
bent back flat upon the other half. This biotite must, I apprehend, have been 
crumpled up and folded over on itself after crystallisation, but whilst the folia 
were still in a somewhat pliable condition. I cannot ooneeive of a contortion of 
the basal cleavage lines, to the extent repr ese nted in the sketch, being predated 
in any other way. A moderate curvature of* the basal cleavage line* is not an 
uncommon feature in the mica of sextos rooks, and I can readily understand boor 
this may have been produced, even in the case of mica formed in elastic rooks by 
an epigenital process ; for such mien, formed %m a&u in the spaces between the 
fragments of clastic origin, might often be cra mp e d at the time of formation, and 
its symmetry interfered with, from want of space for its perfect development ; 
but I do not think a mica could, from this eause, be completely doubled up in the 
manner represented in the illustration. 

The basal cleavage lines of the mica enclosed in the long ropy strings of 
crypto-crystalline mica are usually at a slight angle to the direction of the flow, 
as represented at fig. 5, plate II, the direction of the flow being east and west. 
The outer edge of these biotites is usually covered with dark fluify matter. 

The foliation of the slaty portion of No. 15 is parallel to the line of fluxion in 
the granite. 


Rocks next the gneissose gramte. 

Considering how important a thorough knowledge of the Dalhonsie rocks is in 
determining questions of local geology, I propose to give a brief separate descrip- 
tion of each of the remaining slices. 

No. 16. — Junction of an intrusive vein, 3 or 4 yards wide, and the slate 
into which it is intruded, olose to the main mass of the gneissose granite on the 
road to Mamul, Dalhonsie. The actual junction of the two rooks is seen both in 
the hand specimen and in the slice. 

M. — This slice shows the junction of the two rooks perfectly. The granitic 
rock possesses the characteristics of some of those already described, being distinctly 
gneissoid, whilst foliation has been set up in the slate. The structure of the 
slate corresponds olosely to No. 19, described further on. 

The slate n umer ous crystals of schorl which do not extend, into the 

granitic rock ; whilst the latter contains many small garnets, a mineral not visible 
in the slate. 

There are several points of difference to be noticed between the silvery mica 
of the granitic rock and that of the slate. The silvery mica of the granite is 
pure looking; is in large leaflets; its basal cleavage is very perfect; and the 
cleavage are olose together ; whilst tw i nni n g is not uncommon* The silvery 
mica in the slate, on the other hand, contains numerous inclusions indicating an 
imperfect separation between the several constituents of the slate ; it is in small 
leaflets; its b a s a l cleavage is imperfect ; and the cleavage lines are sparse; whilst 
there are no indications of twinning. 
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The granitic rook gives several indications of fluxion structure. The crypto- 
crystalline mica forms long curving streams in the ground mass, meandering 
about as an Indian river in its sandy bed during the dry months. In some places 
these streams approach each other and join; at others they make wide sweeps and 
diverge considerably. The curves are sometimes gentle, but at others they are 
rather sharp and have a wide radius. Sometimes the streams are broad; at 
others they are split np into innumerable narrow meandering rivulets* The dark 
mica also forms ropy-looking masses drawn out in the line of flow. 

An attempt to represent the general appearance of a portion of this slice has 
been made at fig. 1, plate II ; whilst at fig. 2, plate I (a), an illustration is given 
of the crumpling of the silvery mica as seen in this slice. 

In some cases the twinning planes of the plagioclase are bent oat of the per- 
pendicular. I have occasionally seen instances of this in lavas, though it is of 
rather rare occurrence ; and it seems to indicate conditions of strain subsequent 
to the crystallisation of the felspar before the mineral had become perfectly rigid 
on cooling. 

Zirkel, at p. 28 of his work already quoted, mentions the presence of fluid 
cavities in the quartz enclosed in garnets ; but the garnets themselves, in this 
slice, contain numerous fluid cavities with movable bubbles. The quartz of the 
granite itself contains fluid cavities about the same size as those in the garnets. 

No. 17.— Argillaceous schist in actual contact with a thick vein of granitic 
rook within 3 or 4 yards of the main mass of the gneissose granite. Same locality 
as the last. It is an indurated rock with minute flecks of mica visible here and 
there. 

M. — In transmitted light the ground mass appears to be homogeneous and 
colourless, but thin and minute flakes of a green mica are thickly disseminated 
through it. Patches of opaque ferriferous material are dappled about over the 
field; whilst the slice is here and there stained with ferruginous material, and dots 
of yellow and red ferrite are occasionally to be seen. Flakes of colourless mica 
are sparsely scattered about, and there are numerous small fragments of a bluish- 
brown toungaline. Between crossed nicols the slice presents a dark base re- 
lieved by numerous patches of semi-luminous material presenting highly irregular 
outlines, and bright flecks of mica. 

The slioe contains some air bubbles, hut no liqnid cavities. Some of the 
schorl shows that this mineral has been subjected to heat, and that the air or 
liquid enclosures which they contained expanded and forced a way to the sur- 
face of the mineral before its complete consolidation. An illustration of this, 
taken from this slice, is given at fig. 7, plate II. 

No. 18.— Argillaceous schist in actual contact with the main body of the gneis- 
sose granite. From the same locality. 

M.— This dice closely resembles the last. There is comparatively little 
schorl, aqd it is in very minute prisms. The slice oontains numerous dote of 
magnetite. 

No. 19.— An argillaceous schist in contact with a granitic vein, 9 or 4 yards 
wide, dose to the main body of the gneissose granite. From the same locality. 
This is a more distinctly foliated rock than the preceding two specimens. 
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A£. The ground-maS* consists of quarts in minute grains. Inter-laminated 

w ith thiB are strings of a fibrous dark-green mica and strings of the orypto- 
cr) stalline mica which I -have shown to be a characteristic of the gneissose 
granite. Muscovite is also very abundant in the slice, whilst crystals of schorl, 
many of them being very minute, are present in great numbers. It is of the 
type and colour of that found in the gneissose granite, and for the most part it 
lies in a sone corresponding to the plane of foliation, the crystals lying move or 
less at right angles to that plane. The schorl contains numerous enclosures and 
some empty cavities, the contents of which have apparently forced their way 
through the mineral to the surface ill the manner already .described. The slice 
contains grains of magnetite, opaoite, and ferrite, and some minute crystals of 
garnet ; also one crystal of tridlinio felspar. These are no liquid oavities. 

No. 20.— Slate from the quarry near the gneissose granite on the Mamui 
Road, Dalhousie 

M. — Under the microscope this is seen to be distinctly foliated | quartz, in 
minute granules, alternating with a fibrous green mica that is but feebly diohroic. 
Some very minute and imperfectly formed prisms of tourmalin^ me scattered 
through the slice. 

Light flocculent clouds of nebulous matter, opaque in transmitted, and 
yellowish-white in reflected light, are also abundant. A sketoh of a portion of 
this slice is given at fig. 3, plate I. 

No. 21.— A spotted schist * within a few yards of the gneissose granite, 
Potrain Hill, Dalhousie. Viewed maorosoopically this has a distinctly foliated 
aspect, and specks of muscovite are visible here and there. 

M. — The ground mass consists of quartz in small granules of very varied and 
irregular shapes, interspersed with crypto-crystalline mica that meanders about in 
all directions. 

In this ground-mass are embedded numerous crystals of muscovite, and of a 
dark well-laminated mica, brown in transmitted light. Some of the latter contain 
grains of quartz and of magnetite. Magnetite and rounded grains of opaoite 
are rather abundant in this slice, which also contains numerous prisms and 
fragmentary pieces of schorl, of the same type as that in the gneissose 
granite. There are also numerous micro-crystals of garnet. There are no liquid 
cavities. 

At fig. 3, plate II, I have given a representation of a portion of this slice, 
showing the way in which the crypto-crystalline mica and the hyaline quarts are 
intermixed. The dark portions, in the illustration are intended to represent 
the former, and the uncoloured portions the quartz. 

No. 22.— A si milar rook a little further away from the gneissose granite, on 
the same road. It is of more spotted appearanoe and granular texture than the 
last, having lost, in the hand specimen, all trsoes of foliation. 

M. — This slice olosely resembles the last and requires no separate descrip- 
tion. The crypto-crystalline mica is very abundant. Some of the grains of 
magnetite are of good size. 

No, 23.— A fine-grained silioioUs schist in contact with the gneissose granite 
on the oart-road, between the Mall and the Bull’s Head Hotel, S an anotsla. 
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M.— This is a distinctly foliated rook, and the description given of slice So. 19 
exactly applies to this one. So liquid cavities are present 

No. 24.— A crystalline granular rook a few yards below So. 23, on the same 
road. 

M.— This exactly resembles So. 22, and is evidently the same rook. The 
quarts contains no liquid cavities. Small rounded fragments of the ciypto. 
crystalline mica are included in the quarts ; whilst grains of quarts are in- 
cluded in all the other minerals. 

In many cases small colourless microliths are attached to rounded grains of 
opacite in a way to suggest, at first sight, that the opacite had on cooling given 
off a gas that had intruded into the adjoining matrix. Illustrations of these com- 
binations are given at fig. 6, plate II (see upper and left-hand figures). A careful 
study of these groups, however, showed that they are simply due to the accidental 
conjunction of two different minerals. Such forms as that depicted on the right 
hand of this figure seem to show thiB conclusively. The occurrence of these con- 
junctions, however, is so oommon that it seems to indicate that the rook was re- 
duced to a sufficiently viscid and plastic condition, to allow of microliths moving by 
molecular attraction some little distance, at any rate, towards each other. The 
whole appearance of the slice, and the small rounded dots of crypto-crystalline 
mica included in the quartz, all point in the same direction, and indicate a viscid 
condition. The slice, I may add, contains numerous small rounded cavities 
that are probably due to shrinkage on cooling. 

No. 23.— Another fine-grained silicious schist a few yards further down on 
the same road. 

M. — This presents much the same features as the last slice. The schorl is not 
so abundant, and for the most part is in small prisms. The dark mica is 
arranged more in strings, and the crypto-cryBtalline mica is relatively more 
abundant than the quartz. In this slice it is micro-crystalline rather than 
crypto-crystalline. 

Nos. 26 & 27. — Other speckled varieties of the crystalline granular rqgk a few 
yards further down on the same road. They contain ma grains of iron-pyrites. 
Sp.G.2, 74. 

M.— The description given of Nos. 22 and 24 applies equally to these spe- 
cimens. Schorl is abundant. 

The peculiarity of these slices is that they oontain a considerable amount of 
zircon, in irregularly shaped granules, intimately intermixed with grains of quartz. 
Much of the zircon is distinctly dichroio, changing from a white, or Aunt bluish- 
white, to a delicate tint of light red. It does not exhi bit colours in polarised 
light owing to its strong double refraction. 

This is the first time that I have met with zircon in situ in Himalayan rooks, 
but a sample of the gold-bearing sands of the Sutlej river, sent me by a friend, 
is full of* well-formed crystals of this mineral. 

The quartz contains what appear to be stone cavities with fixed bubbles, whils t 
others have either caught up and enclosed opaoite when in a plastic condition or 
have deposited it on cooling. 
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Book* between the gneieeose granite and the first outcrop of gneiss. 

The cart-road, from near its junction with the Mall, between Them and 
Potrain, to near the Bull's Head Hotel, San&notdla, runs a little below the 
junction of the gneissose granite and the schistose rooks. Near the Bull’s Head 
Hotel, on the neck of the Sandnotila spur, the gneissose granite re-appears, 
having been brought down, apparently, by the tenon of the strata. The sehistoee 
rooks between the gnearose granite on the Mali and the outcrop on the cart-road, 
near the Bull’s Head Hotel, have been described w the preceding pages. The 
rocks, now to be described, are a descending a— tea which crop out on the cart- 
road between the gneissose granite, near the Bull’s Head Hotel, and tie mica 
schists at Banikhet. 

No. 28. — A silicious schistose rock in contact with a vein of granitic rook 
cutting through the schists. Viewed mao ro soo p ioally two sets of lines may be 
made out with a pocket lens on the cut and wetted face of the hand specimen, 
and in the thin slice ; the lines cutting each other at an angle of about 40°. 

M. — Viewed under the microscope one Bet of lines is seen to be due to partial 
foliation ; that is to say, to be due to the development of a tendency on the part 
of the dark mica to segregate in more or less parallel lines. It is noticeable, 
however, that the lamine of the mica are arranged parallel to the second set 
of lines , and not to the lines of dark mica. The mica has segregated into lines, 
but each flair* of mica in the line is- arranged with its longest axis at an angle 
of about 40 ° to its own line. 

The second set of lines alluded to ere due to the occurrence of lenticular masses 
of crypto-crystalline mica, the lines of which, though discontinuous, preserve a 
pretty constant course in one direction. Another point noticed is that these lines 
of crypto-crystalline mica contain rather numerous mioroliths of tourmaline, the 
prisms of whioh point, as the mioroliths in rhyolite and similar rooks, in the 
direction of the flow. 

These friers appear to me to indicate that the rook was subjected to two differ- 
ent processes of contact metamorphism ; one process — due to heat— resulting in 
foliation ; whilst the second process was probably the injection of matter from 
the granitic rock, possibly in a gaseous or liquid condition, along lines that fol- 
lowed the original direction of lamination or of cleavage. 

This ob ser vation, whioh was very unexpected, seems to have an important 
hearing on the print at issue. If the crypto-crystalline mica in the schistose 
rocks adjoining the gneissose granite is not a product of the original constituents 
of those rooks but has been derived from the granite, the existence of the crypto- 
crystalline mica in the gneissose granite affords no evidence of the metamorphic 
origin of the latter or of its affinity with the schists. 

The general appearance of this shoe is closely similar to those of the Slates in 
contact with the gneissose granite already described. The ground-mass consists 
of granular quarts. A dark green fibrous mica is very abundant, but muscovite 
is comparatively sparse. Schorl, as usual, is present. There are no liquid 
cavities. Ferrite is abundant. 

No. 29.— A silicious schist adjoining the gneissose granite. 
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M. — This is only a variety of the spotted schists already described, as for 
instance Nos. 21 and 22. The crypto-crystalline mica is rather abundant and 
swells out into large lake-like expansions . I hare observed a few stone cavities 
in this slice, one with a fixed bubble, and two with deposits in them. 

Nos. 30, 31, and 32. — Very fine-grained schists, in descending order. 

M. — These may be described together* Under the microscope they approxi- 
mately resemble the slaty rock, No . 17. The ground mass consists of micro- 
granular quarts, in which a yellowish-green scaly mica is so abundantly dissemi- 
nated as to nearly pervade the whole mass. In No. 31 it has segregated into 
spotty masses in which it varies in colour, in transmitted light, from a green to a 
rich greenish-orange colour. Some of the mica is fibrous, and is, I think, para- 
gonite. The slices contain grains of magnetite and ferrite, and slice No. 31 
contains, apparently, a little hrematite. All contain the opaque whitish mineral 
described under No. 20 and micro-prisms of tourmaline. The magnetite is most 
abundant. 

Nos. 33 and 34.— Earthy looking schistose rooks. No. 34 has a strong earthy 
smell, even without breathing on it. 

M. — These exactly resemble 30—32 and need no separate description. No. 
33 contains two minnte garnets. In 34 magnetite in micro-grains is abundant. 
In both micro-prisms of tourmaline are plentiful. 

Section below No. 4 Barrack, Ballun. 

No. 35.— A fine-grained schistose rock approaching the slaty type. With a 
pocket lens it is seen to have a fine micaceous glaze on the splitting surface. 

M.— Under the microscope the rook is seen to be made up of a mesh- work of 
fine fibres, or microliths, of mica, in a quartz base. Larger crystals of mica are 
dotted about in it here and there, and stringy agglomerations of the fibrous mica. 
The mica is decidedly diohroio, and each of the microliths polarises rather brilli- 
antly, I think the Bpeoies is probably paragonite. 

The slice contains grains of ferrite, and I think very minute grains of mag- 
netite ; also the flocculent opaque matter previously described. In this shoe its 
colour varies from yellowish to reddish. It is, I thinV, a product of the altera- 
tion of magnetite. 

No. 36.— A very fine-grained, pale bluish-grey, micaceous schist. The mica- 
ceous element is much more prominent in this hand specimen than in the last. 

M. — This rook is so similar to the last that a further description is unneces- 
sary. 

No. 37. — A very fine-grained silioious rock approaching the slate type. 

M.— This rook is of the same type as the last two, and consists of a fibrous 
mica, probably paragonite, disseminated through a quarts base. It contains a 
long irregular-shaped, lake-like space filled with hyaline quarts that has evi- 
dently- been formed in e&u, the prisms of miea projecting into italong its outer 
edges. It contains some gas enclosures and a few, very few, liquid enclosures 
with bubbles. 

No. 38.— A buff coloured, very fine-grained, friable schistose rock. 

M. — The structure and material are seen to be the same as the last. The 
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mica is of yellowish-green in transmitted light, and it evinces a tendency to 
segregation, forming spots of darker colour than the ground-mass. There are 
some good-sized hits of feryite. 

No. 39. — A pale greenish-grey argillaceous sohist. 

M. — In both 37 and 39 the lines of original lamination can be distinctly 
traced on the cut surface with a pocket lens. Ia this rook (No. 39) they have 
suffered some contortion. The lines of incipient foliation are at a high angle to 
the lines of lamination in all three specimens. The microscope shown that No. 39 
is composed of the same constituents as the last few described. The slice 
contains some micro-prisms of tourmaline. 

No. 40. — A very fine-grained micaesoue 8<dii*t^e rock. 

M.— This consists of a quartz base in which * yellowish-green scaly mica is 
profusely disseminated. It is doubtless of the same Species as the preceding. 
The slice is dotted over with countless cubes and octahedrons of magnetite. 

No. 41. — Blue micaceous slate above Surkhi-galli. 

M. — This consists of an intimate admixture of quartz in micro-grains and a 
green mica in minute scales. An immense profusion a£ magnetite grains are 
dotted over the field, mostly in elongated irregular forms, the longer axes of 
which are turned in the same direction. There are numerous micro-prisms of 
tourmaline and very minute crystals of sphene, which require high powers to 
dotoct. In many cases the sphene and magnetite have adhered together. 

No. 42. — A pale blue slate similar to the last. 

M. — This is apparently a very similar rock to No. 41 ; but the micaceous 
element is more fibrous and colourless. 

No. 43. — A pale french-grey coloured argillaceous sohist from the same locality. 

M. — An exactly similar rock to No. 41 except that the magnetite is absent and 
a little ferrite has taken its plaee. The micro-prisms of tourmaline and sphene 
are abundant. I observed a liquid cavity in the mica. 

No. 44. — A fine-grained friable whitish mica schist. 

M. — This consists principally of minute scales of a yellowish-green mica and 
some minutely gr anula r quartz. There are numerous air bubbles. I have not 
detected any tourm alin e. Minute crystals of sphene are abundant. Magnetite 
and ferrite are also present. 

No. 45.— A white wafery sohist with a silky gloss on the cleavage surfaces. 

M.— A very similar rock to the last, only the scaly mica is very colourless. 
The grains of magnetite and ferrite are very sparse. Micro-crystals of tourmaline 
and sphene as in the last. There are a few minute garnets. 

No. 46. A light-grey, fine-grained silicious schist. 

M. — The appearance of this rook under the microscope is very different from 
those described from No. 30 downwards. Its affinities are with the spotted 
schists Nos. 19 and 23, the latter of which it much resembles. It may be 
described as a micro-gneiss, and it consists of lenticular grains (eyes) of quarts 
and triclinio felspar set in crypto-crystalline mica which flows in ropy masses 
found them. The quartz very largely predominates over the felspar ; indeed, the 
latter is sparse. Large flakes of muscovite are present, but no biotite. There are 
some good-sized pie cos of schorl of the type present in the granitic rooks - 
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also a few rounded grains of what appears to be sphene. I have not been able to 
deteot any liquid cavities even with the nse of very high powers. 

No. 47. — Paragonite slate (P)— An extremely fine-grained, french-grey 
coloured mica sohist of slaty appearance. 

M. — This has, unfortunately, been sliced so thickly that little can be made out, 
but it does not appear to difEer in any essential particular from No. 41. Pounded 
fragments examined under the microscope confirm this impression and show that 
the rook is principally composed of an almost colourless mica in Beales and fibres, 
and countless elongated granules of magnetite. The mica appears to be para- 
gonite. There are as usual microscopic prisms of tourmaline. 

No. 48. — The pearly mica sohist of Banikhet. 

M. — This is closely similar to No. 44. It is principally composed of a scaly 
mica, varying in colour from white to pale green, with ferruginous yellow stains 
in spots here and there. There is an admixture of quartz in a finely granular 
condition. The beautiful pearly opalescence of the thin slice, seen in reflected 
light without the aid of a lens, appears to be due to the presence of myriads of air 
or gas bubbles with which this rock is crowded. There are countless elongated 
grains of magnetite ; the usual micro-prisms of tourmaline are also present; also 
micro-crystals of sphene. 

Conclusion . 

The general conclusions at which I have arrived from the detailed study 
of the Dalhonsie rocks are as follows : — Fifteen specimens of the gneissose granite 
from various parts of the Dalhonsie ridge, exhibiting some typical varieties of 
structure when examined macroscopically, are seen, when examined with the 
aid of the microscope, to be mere varieties of the Bame rook. No essential differ- 
ence of any kind can be detected between them. All of them contain orthoclase 
microcline, plagioclase, quartz, muscovite, magnetite, garnets, and liquid cavities 
containing movable bubbles. Six of the specimens contain schorl in some abun- 
dance, and all but three of the thin slices contain biotite. In all the quartz exhi- 
bits a polysynthetio structure very prominently, whilst all contain crypto-crystal- 
line mica. 

Some of the slices give unmistakable indications of having been reduced by 
hydro-thermal agencies to a plastic condition, and exhibit true fluxion structure. 
It is also important to note that the specimens which exhibit these characteristics 
most prominently are those which show, when viewed macrosoopically, a pseudo- 
foliation, and have consequently a gneissose aspect. 

The rooks are not true granites, but it does not follow from this fact that 
they are necessarily of metamorphic origin. Between the deep-seated roots of 
volcanos and the lavas that have actually flowed out at the surface of the earth's 
crust, there must of course be many gradations. The presence of the crypto- 
crystalline mica in the Dalhonsie gneissose granite, that is to say, the presence 
of an imperfectly crystallised residuum, seems to indicate their affinity with* the 
felspar porphyries. Indeed specimen No. 18 approximates in ’ its macroseopical 
appearance very closely to a felspar porphyry. 

Allport, in his paper/ 4 On the Metamorphic Bocks surrounding the Lands'-end 
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Mass of Granite,” Q* J. G. S., XXX II, 407, show* that the mmeralogical 
changes produced in day slates by the intrusion of a mass of gtanite are chiefly 
the development in them pf some of the minerals which constitute its own mass ; 
that is to say, quarts, tourmaline, and three kinds of mica ; occasionally tre me Wte, 
magnetite (“ and andalusile P”), and in some localities felspar. The structural 
changes produced in day slates by contact metamorphism, according to Allport, 
are “ (a), foliation more or less perfect, with every gradation from nearly straight 
parallel lines to the most complicated Contortions ; and (b), concretionary, showing 
adecided tendency to segregation of both quarts and mica, the result being a 
spotted schist/* 

A precisely similar influence appeam to have been exercised by the gneieease 
granite on the slates in contact with it at Dalhousie. As to structure, we have 
seen that foliation has been produced and “ spotted schists ” have been formed ; 
whilst schorl, garnet, dork mica, miiscovite, and magnetite have been introduced 
or created out of the constituents of the slate. 

As regards xnineralogioal changes, Allport noticed in the rocks described by 
him in the paper just quoted, that the strata near the granite were “far more 
highly silicated than those at a distance from it,” and he expressed the opinion 
that “ there can be no doubt that much of the quartz has been derived directly 
from the intruded rock.” 

In the case of the rocks nnder consideration, a study of slice No. 28 led 
me to the conclusion that the orypto-crystalline mica seen in the schists in con- 
tact with the granitoid rock, is dne to the injection of matter from the granitic 
rock into the schists in a gaseous or liquid condition. 

Two other points are to be noted : first, that though the gneissose granite is 
rich in felspar, only one small crystal of this mineral was found in the numerous 
slices of rocks in contact with the gneissose granite examined nnder the micros- 
cope ; secondly, that though liquid cavities are most abundant in the quartz of the 
gneissose granite, they are entirely absent from the schists immediately in con- 
tact with it, and are almost entirely absent from the schistose rocks below them. 

Professor A. Geikie, in a critique on a paper by Pfcre Renard, of the Royal 
Museum, Brussels, on the crystalline schists of the French and Belgian Ardennes 
(Nature, December 7, 1882) which came to hand after I had finished my 
examination of the slices now described, comments on the absenoe of fluid 
cavities in the quartz of the Ardennes schists as follows:— “In subjecting to' 
microscopic examination thin slices of some of these altered rooks, M. Renard 
noticed that the quartz granules, presumably of clastic origin, have lost the liquid 
inclusions so generally found in the quartz granules of old sedimentary strata. 
This fact (already observed by Sorby in the case of sandstone invaded by dolerite) 
seems to indicate that the sand-grains have not escaped the influence of the 
changes which have so profoundly affected the other constituents of the former 
sediment. ” 

Dr. Sorby notices this effect of contact metamorphism in his Anniversary 
Address (Q. J. G. S., XXXVI, 1882) “ One point of interest is, ”he writes, 

“ that although the grains of sand contain many cavities which no doubt, as usual, 
originally contained water, they have all lost it, as though it had been expelled 
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by the heat of the ig&eom rook, in the earn* manner aa it js easily 
from unaltered quartz by a high artificial temperature. ” 

That the absence of liquid cavities, in the schistose rooks in contact with the 
gneissose granite, is due to heat, is rendered highly probable by the fact noted id 
the foregoing papers (see notes on slices 17 and 19) that pieces of schorl retain 
internal evidence that the contents of enclosures in this mineral had expanded by 
heat and forced their way to the surface. 

We have already seen that whilst the granitic rocks abound in felspar, the 
altered slates in contact with them have not developed that mineral. I have 
also given my reasons for believing that the gneissose granite was reduced by 
hydrothermal action (evidenced by the great abundance of its liquid cavities) to 
a plastic condition ; and that portions which present a decided gneissose aspect 
exhibit true fluxion structure. 

We have also seen that the schists in contact with the gneissose granito 
exhibit the peculiarities usually developed in rocks by contact metamorphism , 
that is to say, minerals present in the granitic rook, schorl, biotite, mnscovite, 
garnet, magnetite, and crypto-crystalline mica have been developed in them 
near their point of contact ; whilst the water, which was presumably present m 
the qnartz of the elastic rock, has been driven off by heat. These facts, it 
seemB to me, render it improbable that the features presented by the Dalhousie 
rocks are the result of selective metaxnorphism applied to a conformable series of 
sedimentary rooks. 

The slaty and schistose rooks between the gneissose granite and the outer 
baud of gneiss, though very varied in macroscopic aspect, present little variation 
under the microscope. They consist of an admixture of quartz and mica. Tho 
quartz contains no liquid cavities. One exception to this only was noted in the 
case of clear qnartz plugging what may have been a pre-existing cavity, and 
which was probably filled with foreign material from intrusive granitic masses 
in its vicinity. 

The qnartz in all the slices described has lost all trace of its original clastic 
origin, and the mica has certainly been formed in situ. The change in the shape 
and appearance of tlje qnartz grains has doubtless been due to after-growth in 
the manner pointed out by Dr. Sorby ( A.nn. Address, Q. J. G. S. XXXVI, 62) 

The mica is of a different species from the micas presont in the gneissose 
granite, and much of it appears to be paragonite. Some of the lower beds, as 
for instance No. 47, are, I think, entitled to the name of paragonite slates. 

The general character of the schists may be said to be more silioious towards 
tho gneissose granite and more micaceous towards the first outcrop of gneiss. 

As the outer baud of gneiss is neared, sphene makes its appearance in micro 
wedges and crystals, and is rather abundant. Garnets are rare. On the other 
hand, zircon is present in the spotted schists next the gneissose granite, and gar- 
nets are not uncommon. 

Very minute prisms of tourmaline, of bluish colour in transmitted light, are 
present more or less throughout the schistose beds; but schorl, of tho typo 
found in tho gneissoso granite, is confined to the rocks in immediate contact 
with it. 
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Schorl also re- appear* in No. 46, hat the whole aspect of that rock is auggea- 
t e u { tho n w proximity sad the oontaot action of granitic rooks. 

The metamorphism of the slate series, as a whole, does not seem to require tho 
aid of great heat to explain it, for the action of moderately heated water is 
sufficient to account for the formation of the hydro-micas, the minute prisms of 
tourmaline, and the addition of quarts u> the pre-existing grains of that mineral. 
The gnoissose granite on the other hand has undoubtedly been fused, whilst 
its action on the slaty series in immediate jnnotion with it has been analogous 
to tho contact action of eruptive granite. 

In conclusion, whilst I am not able to *®tt» as the refiult of my investiga- 
tions up to date, that any of the axial gneiss of the Dhuladhir range is true 
guoiRB, I find that it presents the characteristics of an igneous rock. It has been 
m a fused condition 5 it shows fluxion structure ; it invades the rocks imme- 
diately in contact with it; its structure and composition is uniform over wido 
areas ; and it expands suddenly along the line of strike from a width of 250 feet 
to a width of 6 | miles. The facts, at present known, point to the eondnaion that 
the gneissose granite is an intrusive rock and has been sqneeaed up through a 
faulted flexure along an axis of maximum strain. 

In my paper on the Geology of Dalhonsie (Suprs, V ol. XV , p. 44} I wrote— 
“ The granitoid gneiss is highly porphyritio, and is undistingoishable from, and 
doubtless is identical with, the * central gneiss.’ ” As a result of the subsequent 
microscopical study of the Dalhonsie rocks, I have dropped Che term "granitoid 
gneiss” in my present paper, and have substituted gneissose granite for it ; and 
it is for consideration whether the term “ central gneiss,” introduced by the 
lamented Dr. Stoliczka, and since used to denote the “ granitoid gneiss ” of tho 
North-West Himalayas, should not be discontinued in future. 

Tho terms « central gneiss ” and “ granitoid gneiss ” insensibly suggest cam- 
bi iau and pre-cambrian times ; and their use is apt to create a prejudice in the 
mind of the student both as to the origin and the ago of the rock, for the tendency 
of petrological inquiry in the present day is to predicate a great geological ago 
for crystalline rooks in which the granitic structure is due to regional metamor- 
phism. But if the conclusions at which I have arrived in this paper are sound, 
it follows that the gneissose granite of the Dhnla Dhkr is of eruptive origin, and 
instead of being an arohsean, Cambrian, or “ converted Silurian rook, it is in 
reality of tertiary age, and was brought into its present position in the course of 
the throes that gave birth to the Himalayas. 

I do not intend to draw the inference that all the granitoid, and still leas that 
all the gneissose rooks of the North-West Himalayas are of eruptive origin,— 
that would be too sweeping a generalisation to make torn the facte at present 
ascertained,— but I think the most natural conclusion to draw from the evidence 
before us, taken as a whole, is that the “ central gneiss " and « granitoid gneiss " 
of Dalhonsie is really an eruptive rook ; that is to say, whether it has travelled a 
short distance, only, from Its seat of extreme metamorphism, or whether it was 
more or less directly connected with volcanic or platonic action, it was in actual 
motion in a fused or plastic condition and occupies now the position of an intruder 
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in the silorian series. I think the balance of evidence is against the supposition 
that it ms reduced into, a faded condition in situ . 


DESCRIPTION OP PLATES. 

Plats I. 

Fig. 1. Gneissose granite, Dalhonsie. This sketch, taken from slice No. 1, is 
intended to show the polysynthetio structure of portions of the 
quartz. 

„ 2. A portion of slice No. 16, taken from a granite vein intruded into 
slate, Dalhousie ; (a) shows the crumpling of mica due to trac- 
tion. See also fig. 1, plate II. 

„ 3. A portion of slice No. 20. Slate from the quarry near the gneissose 
granite, Dalhousie. 

Plats II. 

Fig. 1. A portion* of slice No. 16, taken from a granite vein intruded into 
slate. See also fig. 2, plate I. 

„ 2. A portion of slice No. 15 ; gneissose granite in contact with slate, above 
the slate quarries, Dalhousie. This sketch represents the mode in 
which the crypto-crystalline mica and biotite are drawn out into 
strings. 

„ 3. A portion of slice No. 21 ; spotted schist within a few yards of the 
gneissose granite; Dalhousie. The sketch shows the way the 
crypto-crystalline mica and hyaline quartz are intermixed. 

„ 4. Sketch of a biotite crumpled up by traction, taken from slice No. 15, 
gneissose granite in actual contact with slate. 

„ 5. Showing a common mode of occurrence of mica in connection with 
the ropy strings of crypto-crystalline mica. 

„ 6. Showing the mode in which grains of opacite and microliths of an 
undetermined mineral adhere together. 

„ 7. A crystal of schorl taken from slice 17, showing that air or liquid 
enclosures originally contained in it had subsequently expanded 
from heat and forced $heir way to the surface of the mineral before 
its final consolidation. 
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On the lavas of Aden— Colon bl C. A. McMahon, F.G.S.-+(Wtth a plate.) 

A brief account of the extinct volcano of Aden is given by Mr. F. R. Malle t, 
F.G\S., in his papef u On the Geological structnre of the country near Aden, 
with reference to the practicability of sinking Arlesian Wells.” Vol. VII, Memoirs, 
Geological Survey of India. 

The following description of the lavas found at Aden is taken from Mr. Mallei’* 
paper : “ The varieties of rook met with are very numerous ; there are perfectly 
compact lavas of brown, grey, and dark-green tints, sometimes containing crystals 
of augite and not unfrequently those of sanidfaie, and there Are rocks exhibiting 
every degree of vesicularity until we arrive at lavas resembling a coarse sponge 
and passing into scoriae. The vesicles again are in some specimens globular, and 
in others' flat and drawn out. In some places the lava is quite schistose, and 
might if seen per ae be easily mistaken far a metamorphic rock. Such lava is 
sometimes vesicular, but by no means always so, at least not to the naked eye. 
Volcanic breccias are also met with, as near the main pass where fragments of 
dark-green lava are imbedded in a reddish matrix. Tufas are also present, lint 
apparently to a limited extent. Some specimens of tufa shown me by Captain 
Mander, the Executive Engineer, were made up principally of fragments of 
pnmico, from which it would appear that pumice must be amongst the volcanic 
products, though I am not aware of any locality in which it is found in situ. 
Obsidian is to be met with occasionally in thin seams.” 

I have not met with any detailed account of the micro-petrology of the Aden 
lavas, bnt the following passing allusions to them may be quoted here. Mr. Frank 
Rutley, F.G.S., in his Study of Rooks, p. 152, 2nd edition, writes as follows: 
“ A globular condition of silica has been lately described by Michael Uvy as 
occurring in the euritic porphyries of Les Settons, and similar globular conditions 
of silica have been observed and noticed by M. V^lain in a quartz trachyte from 
Aden. The former author regards this condition as intermediate between the 
crystallized and the colloid forms of silica.” 

Professor A. Daubr^e, in his paper on zeolitic and silioions incrustations 
(Q. J. G. S., XXX IV, 73), states that silicious infiltrations are found in many 
volcanic rocks of the “ trachydoleritic class,” and refers to Aden a* one of his 
examples. 

The above are the only references to the Aden rocks that I have yet met with, 
and the following account of some of the lavas to be found at that place may 
not be without interest. As I have never been able to remain at Aden for more 
than a few hours, my examination of the extinct crater ha* only beez^a cursory 
one. The specimens from the vicinity of the tanks were collected by me, bnt the 
others were collected for me by a resident Engineer through the kindness of a 
friend. I proceed to desoribe the specimens in detail. 

Basalts. 

No. I.— A grey compact lava. With the aid of a pocket lens, crystals of felspar 
and numerous dote of a greenish-yellow amorphous mineral are visible here and 

c 
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there. The locality in Aden from which this specimen was obtained is unknown. 
Sp. G. 278. The rock is magnetic and under the blowpipe fuses to a black 
bead. 

M. — The base consists of a devitrified glass in which dendritic and rod-like 
forms of magnetite are abundant. Magnetite is also present in regular crystallo- 
graphic forms. 

In this base countless prisms of felspar are starred about ; whilst large por- 
phyritio crystals of that mineral are visible here and there. The porphyritic 
crystals are all plagioclase with the exception of one medium-sized prism which 
is orthoclase. Many of the minute prisms are visibly triclinic and the others are 
presumably so. The porphyritic felspars contain numerous enclosures of the base. 

There are several augite crystals in the slice, but they are not veiy fresh. 
Part of the magnetite has been converted into hematite or gothite, imparting a 
reddish tinge to the slice, when viewed in reflected light. 

The greenish-yellow amorphous mineral, alluded to above, is probably a 
secondary product of the decomposition of olivine, but none of the unaltered 
mineral is to be detected. 

This rook is evidently an ordinary basalt. 

No. 2. — A very dark-grey lava from Station Flagstaff Hill. It is highly vesi- 
cular, the area of the vesicles in the thin slice being nearly equal to the substance 
of the lava itself, but they are too minute to be seen by the unaided eye. 

The rock is decidedly magnetic and fuses readily to a black bead. It seems 
to be a favourite rock for building purposes, and it is said to take the chisel well. 

M. — The ground-mass is perfectly opaque except at the edges of the vesicular 
spaces and at the ends of felspar crystals, where it iB seen to bo made up of 
microscopic globulites and grains of crystalline ^matter. Some of this globulitic 
granular matter appears to be augite. 

The ground-mass contains numerous crystallites and small crystals of felspar, 
several of which are distinctly triclinio. They contain many enclosures of the base, 
and some are mere skeleton crystals. Some of the larger felspars enclose prisms 
of apatite. 

Several augites are visible in the ground-mass. 

This specimen is also, I think, a basalt. 

No. 3. — A very dark-grey finely vesicular lava closely resembling the last. 
The rock is magnetic and it fuses under the blowpipe to a black bead. From 
Has Baraldu. 

M. — This so closely resembles the last that a separate description is not 
necessary. The vesicles are not so uniformly distributed as in the last specimen 
and merge into elongated confluent cavities. The thin slice in reflected light has 
a warm brown tint. The ground-mass is not so absolutely opaque as the last 
specimen. In the larger felspars the enclosures of the base are so abundant as to 
give them quite a skeleton appearance. A fragment of augite is present in the 
ground-mass. 

This is said to be a good building-stone and to take the chisel well. 

No. 4. — A dull red highly vesicular lava. It powerfully affects the magnet, 
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and it fuses under the blowpipe to a very dark mass that adheres to the magnet. 
Locality from whioh obtained unknown. 

M. — The ground-mass irf quite opaque. 

Andesites. 

No. 5.— A slaggy-looking lava with crystals of felspar visible here and there. 
Some vesicular cavities contain a zeolite which also forms incrustations on the 
surface. The specimen was obtained near the Station Point Cemetery. Sp. G. 2*64u 
The determination of the specific gravity any be a little under the mark, as there 
are a few vesicular cavities. The specimen is powerfully magnetic, and it fuses 
at the edges. 

M. — The ground-mass is nearly opaque and consists of multitudes of grains of 
magnetite disseminated through a base of fioooulent matter, probably a product of 
devitrification rather than of decomposition. None of the magnetite exhibits 
regular crystallographic forms, and part of it has been converted into haematite 
or gothite. The latter imparts a reddish and pseudo-felspathio appearance to 
much of the base when viewed macrosoopically. 

The ground-mass contains numerous micro-prisms of felspar, whilst felspars 
of large Bize are porphyritically embedded in it. The latter are nearly all visibly 
triclinio, and contain very numerous enclosures of the base, and buff coloured 
amorphous masses, that probably represent decomposed augites. Augites are not 
(infrequently caught up in large felspar crystals, as is the case, also, in slice No. 1. 
The felspar contains gas cavities and enclosures of ferrite. 

No. 6.— A dark-grey vesicular lava from the vicinity of Station Point Ceme- 
tery. The hand specimen resembles the mudstone matrix of a conglomerate from 
which the pebbles have been extracted, the vesicular spaces having very smooth 
and regular surfaces as if they had enclosed hard substances. Sp. G. 2*61. 
The hand specimen is strongly magnetic and fuses easily under the blowpipe to a 
black bead which adheres to the magnet. 

M.-— A striking feature in this slice is the presence of numerous crystals of a 
red mineral which I have not been able to satisfactorily identify. It occurs in 
six and four-sided prisms, and in irregular shapes, and in fragment-like pieces. 
Some are in long and thin prisms, others in rather massive lumps. In trans- 
mitted light it is of rich orange red colour— yellowish orange when thin— deeper 
red when thick. When the polariser alone is revolved it absorbs light distinctly, 
but dooB not change colour. It very frequently contains enclosures of felspar, and in 
one instance the latter has conformed to the shape of the prism. These enclosures 
seem to indicate that the mineral is an original constituent of the rock and not a 
secondary product. The cleavage is irregular. The angle of the prism varies 
very much ; some being nearly right angles, others being very obtuse. Tk© average 
of the measurements of 17 prisms come to 103° 58*. In a few, not included in 
this average, adjacent faces intersected at an angle of 135°. The variation in 
the angle seems due to the mineral itself and not to oblique slicing. 

Extinction coincides with the length of the prism and with the diagonal of 
the prismatic an ghw seen in cross section. 
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Between crossed niools the mineral changes from dark to its natural colour in 
this slice, but in No. 16 it changes from dark to a rich orimson colour. 

The prevalence of four-sided prisms is against the mineral being rubellite, or 
van allied species of tourmaline ; its orange colour and transparency shuts out the 
idea of its being hematite, whilst the extinction shows that it is not a monoclinio 
pyroxene. In some respects it would do for brookite and the angles would agree 
fairly well with the Arkansas variety of that mineral, but I do not feel satisfied 
that it is brookite. 

Can it be an ortho-rhombio pyroxene P the presence of which mineral inaugite- 
andesites has reoently been determined by Cross, Rosenbusch, and Teal. Its 
colour is not favourable to this supposition. Altogether the mineral is rather a 
puzzle to me at present. 

The base of the rock under consideration consists of a slightly devitrified glass, 
of pale yellowish .colour, in which are disseminated a micro-crystalline mixture of 
felspar, magnetite, and granular hornblende or augite. It is not dichroic and 
from the angle of extinction in some pieces of prismatic form I think it is augite. 

Besides the micro-prisms of felspar, scattered in great abundance through 
the base, felspars in larger prisms are porphyritically imbedded in the ground- 
mass. They are nearly all visibly triclinic, as are some of the very small ones. 

Considering the low specific gravity of the laBt two specimens, I think they 
must be classed as andesites. They are evidently transitional forms between the 
basalts and the trachytes of the Aden volcano. 

Trachytes . 

No. 7.— A grey compact lava with minute crystals of sanidine visible here and 
there. From the vicinity of the tanks. Sp. G-. 2*66. The hand specimen is 
magnetic, but not strongly bo. Under the blowpipe it fuses to a dark Head. 

M.— The ground-mass consists of an intimate mixture of minute felspar 
prisms and irregular-shaped pieces of felspar : countless patches or granules of 
hornblende, and grains of magnetite and ferrite. In this are porphyritically 
imbedded large crystals of felspar ; plagioclase and sanidine being almost equally 
abundant. Two of the latter present penetration twins, the others are twinned on 
the Carlsbad type. 

The sanidine contains numerous enclosures of the ground-mass, and also stone 
or glass enclosures that have deposited mineral matter on cooling. Two of those 
are depicted at figs. 7 and 8. 

The margin of many, and occasionally the whole of the sanidines m this, 
and in most of the slioes about to be described, have a curious dusty appearance. 
Under high powers these felspars are seen to be fall of imperfectly defined 
contorted fibrous particles of a doubly refracting mineral, and the dusty appear- 
ance seems to be due to the irregular inter g r o w t h of either quartz, or another 
species* of felspar. These enclosures do not interfere with twinning, and the 
latter shows that the mineral is sanidine and hot nepheline. 

In a portion of the slice the hornblende and magnetite are arranged in dendri- 
tic combinations. 
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The hornblende exhibits dichroism very strongly. One set of cleavage 
are occasionally to be seen, and the angle of extinction is characteristic of horn- 
blende. 

The slice contains a piece of the red mineral described under No. 6. 

No. 8. — A grey compact rook with numerous crystals of imbedded in 

it. From the vicinity of the tanks. Sp. Gv 2*63. The hand specimen is distinctly 
magnetic ; under the blowpipe it fuses at the edges and adheres to the magnet. 

M.—Thjs specimen is more felspathio than the last, and the base in transmitted 
light is clearer. It consists of a micro-ciystalline admixture of felspar* in which 
very numerous patches of a yellowish -green hornblende, and, grains of magnetite, 
are freely scattered about. There are also a good xpany patches of hematite, or 
gothite, most of which are directly connected with magnetite grains. 

There are two sizes of felspar crystals porphyritioally imbedded in the ground- 
mass, namely, medium-sized and very large sized. Nearly the whole of the 
felspar of all sizes is orthoclase, but there are a few prisms of plagiodase. The 
larger prisms contain numerous rod-like belonites, some of which are fractured, 
which are doubtless imperfectly formed apatite crystals. In some oases op&cite, or 
granular magnetite, has formed on these belonites, and sketches of three of them 
are given at figs. 11, 12, and 13. These combinations are particularly worth 
noting, because exaotly similar forms are common in the gneissose granite of the 
North-West Himalayas, and in both oases they seem to afford evidence of the 
rocks which contain them having been rednoed to a fused or plastic condition. 

In fig. 13 the magnetite is seen to have formed on the belonite after the 
consolidation of the latter, and to have completely embraced it. In fig. 12 
the magnetite has partially encircled the larger mineral in its arms, whilst in 
fig. 11 it has consolidated along its edge. In fig. 11 a cavity, running with the 
length of the belonite, is seen depicted at (a). It is probably due to shrinkage on 
cooling. 

It is interesting to find bodies, such as those described, common to acid lavas 
and the gneissose granite of the Himalayas. 

The felspars contain thousands of air or gas cavities. 

An isotropio mineral is to be seen here and there ; one of the crystals presents 
a six-sided ou tlin e— - the sides being equal-— whilst the others are in more rounded 
forms. It is doubtless garnet. 

No. 9.— A grey compact rook, somewhat mottled in appearance, with minute 
prisms of felspar visible here and there. The specimen was obtained near the 
tanks. Sp. Gk 2*60. The rook attracts the magnet, and it fuses under the blow- 
pipe to a dark bead. 

M.— The ground-mass is dark owing to the abundance of magnetite \ in other 
respects it d ot s not differ from that of the slices of trachyte previously described. 
Amongst the huge porphyritio crystals plagiodase preponderates over the sani- 
dine, but the smaller crystals all belong to the latter specie* Sane of the 
triclinio felspar is in the form of long thin prisms. 

The larger felspars contain numerous enclosures of the ground-mass. In 
some they are so abundant as to give the prisms a somewhat skeleton appearance. 
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Microliths and stone enclosures are abundant, whilst a zonal growth is visible in 
some of the sanidines. 

There is one good-sized, rounded crystal and an irregnlar-shaped piece of 
angite, whilst numerous patches of hornblende are scattered throughout the 
ground-mass. The rounded angite encloses a minute crystal of hornblende. The 
latter mineral presents irregular shapes, but in one case the cross cleavage lines 
are fairly well developed. 

The slice contains a garnet. Much of the magnetite has passed into haematite, 
or gothite, whilst an apparently hydrated species of iron oxide often Btains the 
matrix round the magnetite grains. 

The trachyte in this specimen appears to be approaching the andesites, and 
is on the border line between the two. 

A sketch of a portion of this slice is given at fig, 2 ; a group of felspar crystals, 
round which much magnetite has collected, occupies the centre of the illustration. 
The felspars are seen to have caught up numerous fragments of the ground mass 
which are alligned in general correspondence with the cleavage planes of the 
enclosing felspars. 

No. 10.— A compact light grey coloured rock with minute crystals orsani- 
dine visible here and there. This was obtained near the tanks. Sp. G. 2*48. 
The hand specimen contains, caught up in the compact rock, several fragments 
of pumicious lava in which vesicular cavities are numerous. This seems sufficient 
to account for the abnormally low specific gravity, as the air caught up in the 
vesicular cavities of the pumicious fragments would be sufficient to vitiate the 
result. The hand specimen is magnetic, but it is almost infusible under the 
blowpipe. 

M. — This seems to be quite a typical trachyte. The ground-mass appears to be 
TTi«jfa up of an aggregation of felspar microliths. In this are imbedded medium 
and large sized felspar crystals. Amongst the two latter sanidine is abundant 
and is in very typical forms. The slice contains very little plagioclasC, and the 
felspar micro-prisms of the base are either undifferentiated or are orthoclase. 

Hornblende occurs in patches throughout the ground mass, though it is not 
so abundant as in some of the slices previously described. There are one or 
two fragmentary looking pieces of augite. In transmitted light it is of a greenish- 
brown, or brownish-green, but of so pale a tint as to be almost colourless. It is 
not diokroio, and in extinction and other characteristics it agrees with augite. 
The outer edge is a good deal corroded, but internally it is perfectly fresh. Borne 
of the hornblende is much corroded and altered. It is of yellowiah^green colours 
and most of it is decidedly dicbroic. 

The ground-mass contains numerous grains of magnetite. Hematite or 
gothite is present here and there, and has penetrated cracks in the sanidine ; it 
also occurs in patches in the latter. Some apatite is also present. 

A long cavity in the slice is stopped with oalcite, which is here and there 
crystallized in characteristic forms. The caloite encloses some minute prisms 
of epidote. A zeolite appears to be also present. 
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Quartz trachyte $, 

No. II. — A grey compact rock with minute crystals of sanidine visible here 
and there. Part of it is of dark grey, and part a very light grey colour; and 
when examined with the aid of a pocket lens, it has the appearance of two 
magmas impexfeotly mixed together. The specimen was obtained near the tanks. 
Sp. Or. 2*60. The rook is strongly magnetic. The dark portions fuse, under 
the blowpipe, to a dark magnetic bead, bat the light portions fuse at the edges 
only to a transparent colourless glass. 

M. — This is a very beautiful specimen in the field of the mioroaoope, The 
ground-mass in transmitted light is, in parti, very dear qnd transparent, and 
in other parts, representing the dark portions previously alluded to, the magnetite 
and hornblende are crowded together, so as to almost cover an area equal to that 
occupied by the felspar. In the clearer portions of the ground-mass the magnetite 
and hornblende are in larger and in more perfectly crystallised grains. In the 
dark portions much of the hornblende is in an embryonic condition, being shapeless 
aggregations of minute granules, the optical characters of which are indistinct. 

From the microscopic examination of this slice, I am disposed to think that 
the mottled character of the rock is due to segregation. 

There are numerous large crystals of sanidine scattered through the ground- 
mass besides others of medium sise. Plagioclase is sparse. The large felspar 
crystals contain numerous enclosures of hornblende and a profusion of stone 
enclosures. The carious dusty appearance seen along the border of sanidines, 
described under No. 7, is very prominent in those of this slice. 

Patches of haematite or gothite are visible here and there, and some of it 
is distinctly traceable to the alteration of magnetite ; whilst largo grains of the 
latter have also Btained the matrix for some distance round them with a yellowish 
doubly refractive substance. 

The slice contains a garnet and a little apatite. Here and there patches of 
hornblende very much resemble leaflets of mica, but I do not think any of them 
are really that mineral, as they are of exactly the same tint as the undoubted 
hornblende contained in the slioe, and no trace of cleavage is visible in any of 
the flakes alluded to. The slice, however, contains a thin string of ciypto- 
crys talline mica meandering about in it, similar to that described in my paper 
on the gneiasose granite of Dalhousie. This additional link connecting acid 
volcanio rooks with the gneiasose granites of the North-West Himalayas is moat 
interesting. 

Free quarts is to be seen here and there in the ground-mass. It is 
evidently a residuum, and, like the quartz of granite, it is moulded on to the 
other minerals. 

The slioft flan c o n tai n s another specimen of the red mineral described under 
No. 6. 

No. 12.— A pale grey compaot rook with crystals of sanidine porpbyritic in 
it, from the vicinity of the tanks. Sp. G. 2 57. The hand specimen is magnetic. 
Under the blowpipe portions fuse to a magnetic bead, whilst other portions are 
but slightly acted on. 
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M. — This specimen so closely resembles the last described that only a few 
additional remarks are needed. Plagioolase is subordinate to the orthoclase. 
Magnetite is plentiful and is in well-shaped grains. Hematite is also abundant 
>and for the most part assumes dendritic forms, and is bat feebly translucent. 

Hornblende is very abundant, being present in both the ground-mass and in 
the felspar crystals ; and some of the orystals present well-shaped six-sided pris- 
matic sections. 

Apatite is extremely abundant in the ground-mass, and the rock, when 
examined chemically, gives the phosphoric acid re-action with molybdate of 
ammonia very decidedly. 

The slice contains two shapeless garnets. 

Glass and stone cavities are veiy abundant in the felspar cxystals, and are, 
for the most part, of types similar to figs. 4 and 5. Figs. 9, 10, and 16 are taken 
from this slice. . 

* As in the last specimen, free quartz is present in the ground mass. 

No. 13. — A mottled grey compact lava with felspar facets visible here and 
there. It was obtained near the tanks. Sp. G. 2*56. It is magnetic, and its 
behaviour under the blowpipe is as in Nos. 11 and 12. 

M. — This specimen is so similar to the last that a detailed description is 
unnecessary. The ground-mass is not as clear as the two last slices ; but the 
felspar crystals, on the other hand, do not contain hornblende, and they are 
much more free from enclosures generally. 

Apatite is very sparse, and there are no garnets. Hematite is not so abundant, 
and it is not in dendritic forms. 

The slice contains an augite with a deep dark border. 

Numerous glass or stone enclosures are to be observed in the sanidine, illus- 
trations of which are given at figs. 4 and 5. In some the matter deposited on 
cooling appears to be partly mineral and partly gaseous, as in figs. 6, 9, and 16 ; 
that is to say, a gas appears to have first separated from the glass, on the con- 
solidation of the latter, and then on cooling to have deposited mineral matter 
previously held in suspension. 

Numerous gas or air bubbles are present in the ground-mass. 

Free quartz is present a a in the last two specimens. 

Fluxion structure is observable in a portion of the ground-mass, where the 
microliths of felspar are seen to flow round a large crystal. 

A sketch of a portion of this slice is given at fig 1. It is not possible on 
the scale at which it is drawn to attempt to depict the microliths of the ground- 
mass. 

No. 14. — A light grey compact rock with sharply defined patches of a dark 
lava visible here and there imparting a breooiated appearance to the hand 
specimen. This lava occurs near the tanks. Sp. G. 2*48. The rook attracts 
the magnet, but fragments pf it fere infusible before the blowpipe. Facets of 
felspar are visible in the dark and light portions alike. 

M. — The ground-naa88 is dear owing to the comparative sparseness of magne- 
tite. There are only two or three small pieces of hornblende present in the slice* 
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There is no plagioclaae, but sanidine is very abundant, and, as usual, is present 
in very large, in medium, and in minute crystals. 

Quartz is abundant tod is a much more prominent feature in the ground- 
mass than in any of the specimens previously described. Over about half the 
total area of the slice, the quartz is intimately intermixed with the felspar of 
the ground-mass, and in polarised light the combination of the two present a 
curious sieve-like appearance, the quartz constituting the meshes. Here and 
there free quartz forms larger masses having an irregular ramifying external 
outline. Minute crystals of sanidine are frequently imbedded in the free quartz. 

There are a few small garnets, whilst magnetite, ferrite, and hematite or 
gothite are present as usual. 

No. 15.— A greenish-grey vesicular lava from behind the post office. The 
greater part of Steamer Point Church is said to be built of this rock. Prom 
» builder’s point of view, it is said to weather badly. The hand specimen is 
feebly magnetic ; and under the blowpipe it becomes glassy on the surface, but 
does not fuse to a bead. 

M. — 1 have examined four slices of this interesting lava. The ground-mass 
is micro-aphanitic, and is composed of minute prisms of felspar radiating in 
all directions. Grains of quartz are visible here and there in the ground-mass, 
but thoy are most abundant along the margins of the vesicular cavities when 
they exhibit rounded and hexagonal outlines. It is I think, tridymite. 

The qnartz contains numerous liquid cavities with enclosed babbles, a fair 
proportion of which are movable. The size of the bubbles, relative to that of 
the cavities containing them, varies so much that no reliable calculation can be 
based on the proportion between the two. One of the quartz grains contains glass 
enclosures that have deposited mineral matter on cooling, and one of them has 
several fixed bubbles. The ground-mass contains many air or gas bubbles. 

There are no porphyritio crystals of felspar. 

Hornblende is very abundant ; most of it is in acicul&r prisms of irregular 
outline, and rather pale green colour, resembling the hornblende of the Wolf rock 
(phonolite) of Cornwall ; but there are larger stumpy prisms, here and there, 
of bluish to dark green colour in transmitted light, that have sharp outlines, give 
good six-sided sections and occasionally exhibit cross prismatic cleavage lines* 

It is decidedly diohroio changing from brown to bluish-brown ; but under crossed 
uicols the absorption is so powerful that the colours exhibited are very feeble* 

No. 16. — A light grey vesicular lava from Flag Staff Hill. Sanidine and 
quartz are to be observed here and there. It is slightly magnetic and fuses at 
the edges. Numerous round silicious granules with rough surfaces are visible 
hi the vesicular cavities ; they are dull and somewhat opalesoent-looking, and 
have none of the liquid lustre of vitreous quartz. Most of them are globular, 
hut some are flattened and present hexagonal outlines and are seen to have a 
yellowish nucleus. They are infusible under the blowpipe, and hydrochloric 
acid takes no notice of them. 

M. — Under the microscope these spherulitio bodies are seen not to be exclu- 
sively confined to the edges of the vesicular cavities, but to occur occasionally 

D 
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in the ground-mass itself. Their central portions are, in transmitted light, of 
buff colour, and are feebly translucent, but the outer portions are transparent. 
Most of the globular bodies have rounded outlines, but others are flattened 
at the poles and present a hexagonal prism in section. Those which occur 
along the edges of vesicular cavities are segments of circles, the yellow nucleus 
being truncated and abutting directly on the edge of the ground-mass. Under 
crossed nicols the transparent portion is seen to have a distinctly radiated struc- 
ture, and in some a dark cross is visible. They polarise in simple blaok and 
white and never exhibit colours. In some, the rough exterior surface, alluded 
to in my remarks on the macroscopic aspect of the rock, appears to result from 
minute prisms, or minute plates of tridymite projecting from the outer surface. 
In both oases the angles of adjoining faces are approximately 120°. 

These globular bodies seen in section resemble the spherutites of rhyolites, 
dacites, and acid vitreous rocks, and were those found in the ground maBS, seen 
by themselves they would undoubtedly be taken for ordinary spheruliteB ; but 
the way they stand out from the surface of the vesicular cavities, their occa- 
sional hexagonal outline, and the fact that the yellow globular nuclei of those 
which line the vesicular cavities ar usually bisected by the bounding surface 
of the ground-mass, and are not continued into it, shows that they differ from 
ordinary spherulites. They have evidently been formed, in the great majority of 
cases, either by the exudition of silica from the base into the vesicular cavities, 
or have been deposited in these cavities through the agency of steam or water ; 
and are not, like ordinary spherulites, the product of the devitrification of the 
glassy base. 

I presume that these globules are identical with those noticed by M. V61ain 
(see ante). Their behaviour under crossed nicols is not, however, similar to 
M. Michael Livy’s description of the globular silica occurring in the euritic 
porphyries of Les Settons. 

It is not quite dear what Michael Livy means by a “condition intermediate 
between the crystallized and the colloid forms of silica.” It seems to me that 
the globular silica of the Aden lavas is only a variety of hyalite, and that its 
peculiarities are principally dne to an intergrowth, or rather to a successive form- 
ation of hyalite and tridymite. The nuclei are probably formed of common opal. 

The ground-mass of the rock under consideration is micro-aphauitic, and 
consists, as in many of the previous specimens, of light dear portions and dark 
portions, as though two magmas had imperfectly mixed together. 

Some large porphyritio crystals of felspar are tridinio. Some of the felspars 
contain large enclosures of the ground mass whioh have not entirely separated 
from the main mass ; whilst the dusty appearance described in the previous 
pages is very prominent in the felspars of this slice. In some caaes it makes 
them resemble nephdine, but the angle of extinotion and the twinning of the 
sanidinejmd plagiodase (for the dusty appearance is seen in both classes of fels- 
pars) usually prevent any mistake in their identification. 

The ground-mass contains granules of greenish hornblende, whilst minute 
four and six-sided well-shaped prisms of a brownish hornblende project from 
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the ground-mass into the vesicular cavities The prism of one measured exactly 
124°, 30 1 

Apatite is present, also magnetite and hromatite or gofchite. There are also 
several large and small crystals of the orange red mineral, previously described. 
Between crossed nicols it changes from a rich crimson colour to dark. 

Several of the vesicular cavities are stopped with oaleite 

No. 17. — A greenish-grey fine-grained but highly vesicular lava, from the 
vicinity of the Station Point Cemetery. It is distinctly magnetic and fuses at 
the edges under the blowpipe. The silieeons globules are abundant. 

M.— This is more uniformly vesicular than the last specimen, and the vesi- 
cular spaces occupy a considerable area relative to the ground-mass; consequently 
very large crytals of felspar are wanting and medium-sited ones are comparative- 
ly rare. In other respects this specimen closely resembles the last. 

There are siliceous globules, as in the last, but tridymito is also abundant and 
occurs on the edges of the vesicular cavities. Au overlapping of the plates is an 
almost constant feature in the tridymite of this and other slices. The vesicular 
cavities are occ asi onally plugged with a fibrous zeolite. 

The red mineral is absent and the brown hornblende, of the last specimen, is 
extremely sparse. Green hornblende in acicular prisms is very abundant. 


Trachyttc Pitchstovps , 

No. 18.— A compact brick-red lava with facets of felspar visible here and 
there. From the vicinity of the Station Point Cemetery. Sp. G.2 40. The 
rock is magnetic and fuses, but not very readily, to a white hlebhy mass full 
of air bubbles. 

M.— The ground-mass is of such microscopic fineness that it requires powers 
of over 100 diameters to make it out. It consists of a matted mass of felspar nu- 
croliths and fine granular matter. In this are scattered felspar ciystals of varions 
sizes, some hornblende and large magnetite grains. None of the felspars give 
evidence of being triclinic. The large felspar crystals contain numerous en- 
closures of the base. The slice contains countless crystallites of felspar that 
closely resemble those described in my paper on the basalts of Bombay,* having 
either frayed ends, or being mere skeletons enclosing the granular matter of the 

ground-mass. .. 

Hyalites are to be seen in a few vesicular cavities ; their outlines are semi- 
circular. . , 

This vitreous lava may, I think, be described as a devitrified trachytic pitch- 

stone. A sketch of a portion of this shoe is given at fig 3 - 

No. 19.— A reddish compact rock from the vicinity of the Station Point 
Cemetery. Sp. Q. 2-38. This looks more like a rotten schist than a lava. Though 
not visibly porous or vesicular, yet when plunged into water it gives off • stream 
of minute air bubbles that lasts for some hours. It is not magnetic. Under the 
blowpipe it fuses with difficulty and becomes frothy. 

M. The ground-mass consists of micro-crystals of felspar interspersed with 

* Ratio,’. Stud, of Book.. P- 18*. Ed. > Record., Tol. XVI., p. tt 
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micro-grains of quartz, and an amorphous opaque red ferrite. It is of much 
larger grain than the last specimen. 

' All the porphyritic crystals of felspar are sanidine. They oontaiu stone and 
glass enclosures. One of the latter is depicted at fig. 14, and is seen to contain 
three fixed bubbles and three crystals. Fig. 15 represents a cavity within a glass 
enclosure ; the outer glass enclosure containing a large fixed bubble and a small 
crystal. The inner cavity appears to contain a minute bubble. Enclosures that 
have deposited dusty matter on cooling ; and glass enclosures, each of which con- 
tains a large fixed bubble, are not uncommon. The slice contains no hornblende. 

This lava seems to be intermediate between a quartz-trachyte and a pitch- 
stone, but must, I think, be classed as a devitrified trachytic pitchstone. 

Pumice. 

No. 20. — A light grey pumice obtained in the vicinity of the Station Point 
Church. 

M. — The vesicular cavities are filled with calcite, a zeolite, and I think some 
aragonite. 

The pumicions part consists of a glass containing millions of air bubbles ; 
some of these arc round, whilst others are elongated, and are drawn out in the 
direction of the flow. 

Conclusion . 

Though I cannot suppose that my collection of the lavas of Aden afford com- 
plete examples of all the varieties to be obtained in the neighbourhood of 
that extinct volcano, still it is sufficient to show that the now silent craters, 
in the days of their activity, poured out basic, intermediate, and acid lavas. We 
have presented to us inside the main crater of Aden an unbroken succession 
of lavas, from acid pitchstones, on the one hand, to basaltic rocks on the other. 
Pitchstones shade into quartz-trachytes ; quartz-trachytes into trachytes ; whilst 
the latter pass into andesites, and through them, into basalts. On the whole, the 
acid rocks seem to have predominated. 

Many of the lavas described in these pages have a mottled, and even a brecci- 
ated appearance, and it is difficult to say positively whether this is due to segre- 
gation, or to an imperfect blending of basic and acid magmas. 

It would be interesting to know the order of succession in which the basic, 
intermediate, and acid lavas appeared ; but on this point I have no information. 

The specific 'gravity of each class of lava is low. I did not attempt to deter- 
mine the speoific gravity of the vesicular specimens, and though it is possible that 
hidden vesicles may, to some extent, have vitiated the determination of the specific 
gravity of some of those examined, yet, on the whole, I am disposed to attribute 
the low averages to the predominance of the acid element in the Aden lavas. 

The following averages were obtained : — 


Boult Sp. a . 


. 

. 8’78 

Andesite „ 



. 2*62 

Trachyte „ 


. 

. 2-58 

Quarts- Trachyte lf 


. 

. 2*65 

Pitchstone ,» 


. 

. 2*80 
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The pitchstones yield a somewhat abnormally high specific gravity, indicating 
their connection with the quartz-trachytes ; but all the others, noted above, 
though within the minimum limits, are below the normal average specific 
gravity usually given for each class of rock in our text books. 

The ground-mass of the intermediate and acid lavas, described in these pages, 
is micro-aphanitic ; in no instance is it micro-felsitic. There are, except in the 
extremely vesicular specimens, and in the pitchstones, always three generations 
of felspar ; micro-crystals in the ground mass, and medium and larga-sized per- 
phyritic crystals. 

In the basalts and andesites the felspar is, almost without exception, plagio- 
clase. Amongst the trachytes, those on the border line of the andesites, ob No. 9, 
contain more porphyritic crystals of plagiodase than of sanidine ; whilst those 
that approach the quartz-trachytes contain scarcely any plagioclase. 

.In intermediate varieties, as Nos. 8 and 10, the porphyritic crystals of tricli- 
nic and monoclinic felspar are pretty equal in number. In the quartz-trachytes, 
themselves, plagioclase is either wanting or is subordinate to the sanidino ; whilst 
in the pitchstones plagioclase is wholly absent. 

Augite is prominent in the basaltic lavas, but only stray crystals of it are 
present in the other lavas, namely, in Nos. 6, 9, 10, and 13. 

Hornblende is abundant in the trachytes and in most of the quartz-trachytes ; 
whilst it is sparse or wanting in the pitchstones. 

Magnetite is present in all except No. 20, and every specimen, except Nos. 19 
(pitohstono) and 20 (pumice), distinctly attracts the magnetic needle; some of 
them acting powerfully on it. 

Hematite or gothite is found in all the specimens except the pumice ; whilst 
apatite is commonly present, sparsely in some, but abundantly in others. 

An isotropic mineral which I doubt not is garnet is to be seen in several 
slices, namely, in Nos. 8, 9, 12, and 14. 

There is nothing in the appearance of the mineral to lead me to suppose that 
it is hauyne, a mineral frequently mentioned in connection with trachytes. 
Zirkel, in his Microscopic Petrology of the Fortieth Parallel, notes the occur- 
rence of garnet in rhyolites and trachytes ; and seeing that this mineral so com- 
monly occurs in granite and Byenite, its presence in the lava form of those rocks 
is hardly surprising. 

Mica is conspicuous by its absence ; bnt there is, however, a notable excep- 
tion in slice No. 11 (quartz-trachyte), in which a thin string of ciypto-crystalline 
mica, gimilftr to that which takes so prominent a place in the gneissose granites 
of the North-West Himalayas, 1 is seen meandering through the slice. This link 
between acid volcanic and acid platonic rocks seems to afford an indirect confirm- 
ation of thft correctness of the conclusion regarding the affinities of the gneissose 
granite arrived at on other grounds. 

Stone glass enclosures are common in the felspars ; also oases of magne- 
tite forming upon and embracing mioroliths in a way that indicates a viscid, or 

1 Records, Volume XVI, p. 129. 
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fused, condition, and consequent freedom of molecular action, — facts which also 
form interesting points of contact with the gneissose granite of the Himalayas. 

The general absence of fluid cavities is generally considered characteristic of 
the quartz of lavas, as compared with that of granite ; but exceptions to this rule 
do not appear to be altogether uncommon. Dr. Sorby notes one in his Ann- 
Address, Q. J. G. S XIV. p. 84 ; another instance will be given in my forth- 
coming paper on the Traps of Dalhousie ; Whilst yet another will be found 
m this paper in my description of slice No. 15. 


EXPLANATION OF THE ILLUSTRATIONS. 

Fig. 1. — A quartz-trachyte, slice No. 13. The central felspar is imperfectly 
formed, and contains enclosures of the ground-mass. 

Fig. 2. — A trachyte, slice No. 9 ; with a group of felspar crystals, in the centre 
of the field, round which magnetite and ferrite have collected. The felspars 
enclose portions of the ground-mass alligned in general correspondence with 
the direction of cleavage. 

Fig. 3. — A devitrified trachytic pitchstone, slice No. 18. 

Figs. 4 & 5. — Stono enclosures, slice No. 13. 

Fig. 6. — Enclosures in felspar of slice No. 13. The matter deposited is partly 
mineral and partly gaseous. 

Figs. 7 dr 8. — Stone and glass enclosures that have deposited mineral matter 
on cooling. 

Fig. 9. — A glass cavity taken from slice No. 12 which contains an enclosure 
of gas. 

Fig. 10. — A stone enclosure, slice No. 12. 

Figs. 11, 12, A 13.— Magnetite and opacite forming on belonites. 

Fig. 14. — Glass enclosure, Blice No. 19, containing crystals and fixed bubbles. 

Fig. 15. — A glass cavity containing an inner enclosure, slice No. 19. 

Fig. 16. — An enclosure taken from No. 12, which has deposited mineral matter 
and also contains gas. 


Note on the Probable Occurrence of Siwalik Strata in China and Japan. By 
R. Lydhkker, B.A., F.G.S., F.Z.S. 

I have lately received from Herr L. v. Loczy, of the Royal Geological Survey 
of Hungary, a letter in which I am informed that during a recent expedition 
to China he observed extensive tertiary formations on the Upper Hwangho 
(Hoang-ho) river, in which he collected fresh-water shells and numerous bones of 
Proboscidia and Rodentia 1 (sicf. In Western Kansu 9 he acquired from a native 
dispensary other large fossil bones, and the lower molar of an elephant which 
he considered very similar to the teeth of the Siwalik Stegodon clifti; this molar 

1 P Ruminantia. 

* A province on the Upper Hwangho, duo north of Burma. 



ConniGEXDA and Addenda to “Srxupsis of the Fossa Vbitbbikta 
of India/’ Supra, pp. 61—94. 

N. B.— It is to bo regretted that Ur. Lydekker eonld not correct the proof eheote of hie paper. 
Most of these correction* are such as only the author eonld make.— H. 1). M. 

Page 62, 86. The Cochliodontida (Poecilodus and Psephodut) should he referred to the 
Qanoidei. 

,. 63, line 8 from top, for Oxyckina read Oxyrhtna: the genns Spharodus should be 
referred to the Qanoidei . 

„ 65 „ 21 ,, bottom, for barioccipital read baxioccipital. 

„ 66 „ 4 „ top, „ centre read centra . 

„ 69 „ 14 „ bottom, before British Museum, add Royal College of Surgeons and. 

„ 70 „ 3 „ „ for two read three : in the following line dele ‘ and a mandible ' 

„ 71 „ 1 „ top. „ Enhydras read Enhydri* . 

„ 72, note, for irvaticus read iravaticus. 

M 74, line 19 from top, for H, hyopotamoides road A. hyopotamoidei. 

„ 76 ,, 11 „ „ „ acu ticornis read porrecticornis. 

„ 77 „ 10 „ „ „ Nilgherries read Himalaya. 

„ 80 „ 2 „ bottom, dele " south* 

„ 81 „ 3 „ top, for when read whose. 

„ 85 „ 1 „ bottom, for Eg. read Miinst ; also on p. 87, line 12 from botr >n. 

„ 86 „ 4 „ top, before Sphyranodus add Teleostei . 

;l „ lf 5 . „ below Pycnodus , add Sphasrodus rugulosm. Eg. : this should also 

be inserted in the alphabetical list. 

„ 88 „ 20 „ „ for dhonkoka read dhongoka. 

„ 92 ,, 17 „ bottom, for Typholodon read Typhlodon. 

8 „ top, „ predict read indieus, 
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PART 3.] Lypb*$er: Siwalik Strata in China and Japan. 1&9 

is described as being brown and highly mineralized, and apparently in very 
similar condition to the Siwalik fossils. 

I am promised an opportunity of examining a cast of the molar, but the 
description given leaves little doubt that the strata whence the fossil was obtained 
correspond to the Siwaliks. It will be remembered that Professor Owen has 
described 1 the milk-molar of a Stegodon, said to have been obtained from u marly 
beds near Shanghai,” which he referred to a new Bpecies under the name of 
S, 8 incus Is, but which I have seen 3 no reason to separate from the Siwalik 
S. clift t. The mineralization of this specimen (now in tbo British Museum) is 
procisely similar to that of the Siwalik fossils and leads me to conclude that 
the beds from which it was obtained, together with the Hwaugho beds, almost 
certainly correspond, at least in part, to the Siwaliks The geographical position 
of the Hwangho beds, due north of Burma, lends a strong support to this conclu- 
sion, as it is well known that the Siwaliks of that country, whence Crawfurd’s 
original specimens were brought, extend far up the valley of the Trawadi, and 
thus are only separated by Yunan and Sechuen from the Kansu district. 

In the same paper Professor Owen also described various other Chinese fossil 
mammals, belonging to the genera Ohalicotheriwn , Rhinoceros, Tapirus, Btegodon, 
and Hycena, and said to have been obtained from a cave in the province of Sechuen 
(Sze-chuen), or between Kansu and Yunan and Burma. The mineralization 
of these specimens is much less complete than that of the Shanghai and Siwalik 
fossils, but the difference in the manner of the entombment of the specimens is 
probably quite sufficient to account for this. The genera are all characteristic 
of the Siwaliks, and although Professor Owen has assigned all the specimens to 
distinct species, yet it has appeared to me s to be highly probable that the 
Stegodon is the same as one of the Siwalik forms ; while work on which I am 
now engaged leads to the conclusion that the Sechuen hyaena is identical with, 
or very closely allied to, one of the Siwalik hyaenas. Whether or no the »pecies 
be the same, it appears to be most probable that the Sechuen mammals belong 
to the same period as those of the Siwaliks, and connect those of Burma with 
those of Kansu. 

Turning to Japan, it may be observed that in 1881 Dr. Edmund Naumann 
figured and described 4 various remains of fossil elephants from that country, 
which he referred to the following species, viz, 9 Stegodon clifti , S. insignia , 
Elephas namadicus , and E. pri/migenius ; the two first being Siwalik species, the 
second (or the allied S. ganesa) also ranging up into the Narbada beds, and the 
third being characteristic of the latter. These fossils indicate pretty conclusively 
that representatives of the mammaliferous beds of India, which probably corre- 
spond both to the Siwaliks and the Narbadas, exist in Japan, and are probably 
the continuation of the Chinese deposits. 

1 ** Quar. Jonr. Geol. Soc, w Vol. XXVI, p 417. 

a " Palnontologia Iudica.” Ser. X, Vol. I, " Siwalik and Narbada rroboacidia” 

* Ibid, 

* «* Ueber japanische Elepbanfcen der Vorzeit.” ‘Pul&ontogritpliica, Vol. XX VIII, pt. 1, pit. 

I— II. 
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Since the publication of Dr. Naum aim’s memoir, another paper on the same 
subject has appearod by Herr D. Brauns, 1 * * which is certainly a very remarkable 
paper indeed. In that paper it is first of all attempted to prove that the 
Siwaliks are entirely of miocene, and the Narbadas of pliocene ago, while 
tho Japanese (and presumably the Chinese) mammaliferous deposits are all 
referred to the pleistocene. Now it is not my intention on the present occasion 
to go again into the question of the age of the Siwaliks and Narhadas, but there 
are two points in relation to Herr Brauns’ treatment of this question, to which 
it iB almost impossible to omit referring. It happens to bo inconvenient to his 
]ine of argument that any of tho Siwalik species should occur in the overlying 
Narbadas, and therefore, when such is stated to take place he adopts the very easy, 
but scarcely scientific, method of doubting the evidence. Thus in the oase of 
the occurrence of Stegodon insignia (or the allied 8. ganesa) in the Narbadas, it is 
Btated 9 that the two specimens of broken teeth figured in the “ Fauna Antiqua 
Sivalensis 8 ” from those deposits are not sufficiently perfect for deter minat ion, 
and therefore that 8. insignis does not exist in the Narbadas. Even if those 
specimens are insufficient evidence, if the author had but taken the trouble to 
refer to page 117 of the first volume of the “ Palaeontological Memoirs,’* he would 
have seen a very perfect specimen of the lower jaw of 8. insignis (No, 1) from 
the Narbada doscribed by Dr. Falconer ; this specimen, which is now in the Indian 
Museum, where there are others from, tho same beds, loaves not the slightest doubt 
that Stegodon insignis (or 8. ganesa , which, as far as teeth are concerned, is the 
same) occurs in the Narbadas. From this may be gathered the value of the 
following dogmatic statement of Herr Brauns, viz ., — 

Elephns onmadicua solely pliocene, 

Stegodon insignis „ miocene. 

» clifti „ „ 

In the case of the occurrence of the Narbada Bubalus palceindicus in the top- 
most Siwaliks, it is argued that the specimens are not properly determined. It 
happons, however, that they are unquestionably the same as the Narbada species. 
I have not figured them because there are so many other specimens of more 
importance. Similarly doubt is thrown upon the authenticity of the stone imple- 
ments from the Narbadas; If this sort of reasoning be allowed, of course any- 
thing can be proved. 

Leaving now the Narbadas and Siwaliks whioh Herr Brauns has proved to 
his own satisfaction are respectively pliocene and miocene and contain no 
species in common, attention may be re-directed to the Japanese fossils. Con- 
sidering, as Herr Brauns does, that the beds from which these fossils were 
obtained are entirely pleistocene, and therefore altogether newer than the Siwaliks 
and the Narbadas, it would never do that any of the fossils from them should 

1 " UeW japanUche diluviale S&ugethlere^ Zeitfc. d. Deutsch. Geol. Gesell., 1888, pp. 1—88. 

1 Ibid, p. 9. 

* PL S6> fig*. 10, 11. 
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bo the same as those of either of the latter. Accordingly the fossils described 
and figured by Dr. Neumann are re-named as follows, viz . — 

Elephas meridionalis , Nesti, = Stegodon insignis, Neumann, pis. 3-5. 

Elephas antiquus , Falc. = Elephas namadiev *, Neumann, pis. 6-7. 

Stegodon sinensis , Owen = Stegodon clifti, Neumann pis. 1-2. 

Now there iB not the slightest shadow of a doubt that the specimens figured 
by Dr. Naumann under the name of S. insignis are true Stegodons, and belong 
either to the Siwalik Stegodon insignis or S. bombifrons ; they have nothing what- 
ever to do with a Loxodon like E* meridional™, The molars of E. antiquus 1 and 
E. namadicus are so alike that it is difficult or impossible to dis tinguish them, 
and there is therefore at least a probability that Dr. Neumann's determination 
maybe correct. The specimen figured by Dr. Naumann as Stegodon clifti is a 
typical specimen of the last lower molar of that species, like many in the 
Indian Musenm. I can see not the slightest reason why this tooth should he as. 
sociated with the Shanghai milk-molar of the so-called Stegodon sinensis and so 
separated specifically from S. clifti of the Siwaliks. 

There accordingly seems not the slightest doubt but that Dr. Naumann is per- 
fectly correct in referring two of the fossil Japanese elephants to Indian Siwalik 
species ; while it is not impossible that a third is a Narbada form ; a fourth species 
is, however, referred to the European and North American Elephas primigenius, 
and to this Herr Branns adds the European Bison prisons , Bojanus. 

These determinations lead to the conclusion that the mammaliferous beds 
of Japan in all probability correspond both with the Siwaliks and Narbadas of 
India (which may there be in normal sequenoe), with the former of which they 
are connected by the Shanghai, Kansu, Sechuen, and Burmese deposits ; and 
that they also contain an admixture pf European pal ©arctic forms, which have 
probably reached Japan through northern America. In place of the farna of 
the Japanese beds being distinct from that of the m a mma liferous beds of India 
and affording any argument for the latter being pliocene and miooene m place 
of pleistocene and pliocene, all the evidence points very strongly to the equiva- 
lency of the two, and to the confirmation of the latter view of their age. 

The Lodge, Earpenden , Herts. 


Note on the Occurrence of Mastodon angustidens in India. By R. Lydbkkbb, B.A. 

&c #•<?. 

Several specimens of the “ intermediate molars” of a trilophodont [mastodon 
collected by Mr. W. T. Blanford in the lower Manchhars (Siwaliks) of the 
Dera Bhngti country (Eastern Baluchistan), are absolutely indistinguishable 
from the corresponding teeth in the British Museum of Mastodon angustidens, 
Cuvier, of the upper miooene of Europe. 

The occurrence of a European species of mastodon on the extreme western 

1 I tin indebted to Herr Braniu for pointing out that in •• Siwalik and Narbada Proboeoidia” 
I have inadvertently given the age of Elephas anHqeus at pliocene instead of pleistocene. 

V 
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limits of India is a fact of great importance, indicating that we may look for 
a commingling of the faunas of the Siwaliks, and of the European upper 
miooene and lower pliocene in Persia and Asia Minor. 

These important and interesting specimens will be figured in the “ Paleonto- 
logia Indioa” at no Tory distant date. 


Notes on a Traverse between Almora and Mussooree made in October 1882 by K. D. 

Oldham, A.R.S.M., Geological Survey of India! 

The following notes were made on a rapid tour between Almora and Mus- 
sooree during the month of October last ; they cannot of coarse pretend to be a 
detailed description, but are of some interest in view of the question of the 
continuity of the Himalayan rocks in the Almora and Simla regions. 

At Almora the rocks are gneiss and schists of various descriptions, lying nearly 
horizontal on the east of the Kosi, but on the ascent to Bainskhet the dip in- 
creases to 45°, the direction being N. 10° E., a dip which continues steady in 
direction, though varying in amount, till the Gagas is reached. Here the road 
runs over alluvium for a couple of miles, but rock again shows up on the hill called 
Buridunga ; it is a porphyritio gneiss, similar in structure to the central gneiss. 
As the road runs near the northern boundary of this exposure cutting across it 
in Beveral places, it is seen to be fairly straight and presumably a fault, the Bchists 
in contact with the gneiss dipping south-south-east ; at Dwarahat, where the road 
cuts across the exposure here not a mile broad, the dip of the foliation of the 
gneiss has bent round to south-west and, though I was not able to trace the gneiss 
further to the north-west, I have no doubt that it does extend along the ridge 
since in the streams flowing down to the Ehurrogadh blocks of it are not of 
infrequent occurrence. 

Along the road between Dwarahat and Ganain the only exposure of slates 
seen was below Naugaon on the south-west side of the valley where they dipped 
W. 30° S., while near Ganain the dip was south-west. 

On the eastern side of this valley, the ridge is capped by limestone (krol), 
which, apparently forming the peak of Dunagiri, descends further north, at 
the village of Damtola, almost to the bottom of the valley, and is seen to extend 
northwards from Ganain as far as the eye can reach, being confined to the eastern 
side of the valley with the exception of two patches capping the spurs above 
Bushbira and Naugaon respectively. As is generally the case, no dip was ac- 
curately determinable in the limestones, but they evidently dip somewhere about 
north-west. 

Beyond Ganain^ where the road leaves the alluvium, slates come in with a dip 
to W. 10° N. and on the ascent become more and more schistose ; the dip at 
the same time becoming flatter, till near Jaurasi the porphyritic gneiss again 
comes in with almost horizontal foliation; this is not improbably a continu- 
ation of the Dwarahat exposure. 

The gneiss continues to near Bongdhar, the only interruption being below 
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the Makroli hill where a narrow strip of black crush rook is let down by faulting* 
Near Bongdhar the slates come in again, at first with a N. *0° B dip at 46% bat 
this soon bends round to the normal N. 10° E. dip, the schistose slates con- 
tinuing beyond this with a dip varying between N. 10° E. and N. 30° E. ; at 
the bridge over the Nyar a thin band of porphyritio gneiss, probably hers merely 
a more metamorphosed band among the schists, is exposed ; opposite Gwalkua 
quartzites overlie the slates and continue to the bridge between Ohifalghat and 
Pauri. On the crest of the ridge crossed on the rood to Pfcuri quartzose 
rooks come in again, while beyond this the aljfcss see much disturbed, bat keep 
a pretty steady B. 10° N. and W. 11° S. strike. 

Beyond Srinagar there is not much of interest to note; the quartettes shew 
up on the ridge below Maniknath which is itself capped by limestone, hut for 
the most part the rooks are of a recognisable infra-tool type. 

Beyond Tiri, where the road runs along the Mussooree ridge infra-tool*, quart- 
rites, limestone (tool) and in one place the Blaini are seen, hut the structure, as is 
the case everywhere on the outer ridge, is far too complicated to be unravelled 
by a simple traverse along the strike of * the rocks. 

I have reserved for separate notice the alluvial deposits, qf which I shall 
now mention the more important. 

Between Bainskhet and Dwarahat near the village of Kap&lna the road runs 
along the surface of an old lake deposit, of which a narrow strip has been left 
uneroded, the streams on either side having cut deep into the deposits ; in both 
the other valleys crossed before reaching the Gagas traces of extensive deposits 
are seen but forming a mere skin on the rocks below, having been almost entirely 
removed by the streams. At Kapalna the gradual raising of the deposits has 
given the drainage an easier escape over a saddle in the watershed into the 
next valley to the west ; hence the lower part of the deposit has been exposed 
to the erosion of its own drainage only, while in the other valleys the streams 
flowing down from the hills to the north have almost entirely washed away 
the alluvium. 

In the Gagas valley there is another alluvial deposit, which, having come 
mostly from Tnlla to the west, has by its slope forood the river to the eastern 
margin of the plain, where it has now out for itself a new c h a nne l in the solid 
rook of about 60 feet in depth. 

This deposit extends np the Pokhy valley, and some of the drainage of its 
western extremity flows into the Ohundas. Here again there has evidently 
been a diversion of the drainage, due to the gradual raising of the surface of 
the alluvium to the level of one of the saddles in the original watershed. 

Near Dwarahat there is another broad expanse of lacustrine deposits rituat- 
ed at the head of the Baiaru river. These deposits which, be they lacustrine 
or no, axe at any rate formed in true rook basins situated at the very heads of 
the drainage areas, and rising almost to the level of the watershed have never, so 
fax as I am awaxe, been adequately explained. They axe by no mean s of 
merely occasional occurrence, but are scattered throughout these hills ; one very 
good example being at the head of th* Blaini river near Solan on the Simla road. 
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The three rivers which meet at Ganain have all broad alluvial bottoms, part 
being close down to the present level of the streams, the rest forming a terrace 
raised some 30 to 60 feet, but the low level ground seems to be merely due to the 
erosion of the stream, and not to a more recent deposition. 

Near Ganain is a very interesting lake known as the Turag Tal ; it is situated 
at the head of one of the streams flowing down to Ghmain. In the valley of 
this stream an alluvial flat extends right up to the foot of the barrier, which is 
most clearly a landslip, for not only is the gap in the hill from which it has 
descended most evident, but the only other possible explanation, viz., a moraine, 
is at once barred by the absence of any other rook but limestone in the barrier 
which is composed entirely of fragments and not of rock in situ. Above the 
barrier is a broad alluvial surface, the lower end of which is covered by water 
probably not of any very great depth. The level of this alluvium is about 200 
feet above that in the valley below the barrier which itself rises 50 feet above 
the upper alluvium ; the total depth of the landslip iB therefore 250 feet, and 
the time that has elapsed since its fall has been that required for the formation 
of alluvium 200 feet in thickness. 

Near the head of the Binan river there is a small deposit of alluvium as 
also at Chopryon and Kandnra near Powri. 

At Srinuggar and Tiri there are extensive terraces covered with a thin coat- 
ing of river graved but in the main merely carved out of the solid rock. 

The above-mentioned alluvial deposits are all in true rock basins, but only 
the three first mentioned, viz., those near Kapalna, in the Gagas, and at Dwarahat, 
seem, from their uniformity and fineness of texture, to be of lacustrine origin. 

Though there was never much doubt as to the propriety of correlating the 
rockB on the Almora section with those of the Simla region, such shadow of it as 
there was may be held to be now dispelled, for in the region crossed between 
Almora and Mussooree the rocks are seen to become gradually less metamorphio, 
and the distinctions of the sub-divisions but obscurely seen near Almora become 
more and more marked till the rocks assume the normal character which they 
are found to maintain from Mussooree to the north-west. 


Note on the Cretaceous coal-measures at Borsora in the Khasia Hills, near Laour 
in Sylhet, by Tom D. La Touche, B.A., Geological Survey of India. 

I have visited and examined a section of the coal-bearing rocks situated at 
the foot of the Khasia Hills to the north of the distriot of Laour. 

The section examined occurs in a ravine, at the mouth of which stands the 
Garo village of Borsora, about 5 miles west of the point 
Foiltionof the lection. ^ Pwifttibh or J ad ukhata river leaves the hills. 

At the edge of the plains on either side of this village nummulitio limestone is 
• Prom this a large dipping to south-south.east or towards the plains 

amount of atone baa been at an angle of 38°.* On proceeding up the ravine along a 
SiTco by ******' Ing * path on the west side of the stream no sections of rock in 
situ are seen, but the path is covered with blocks of 
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a coarseish yellow and brown sandstone* The path rises for about half a mile 
until the mouth of a small steep ravine on the west is reached, in the sides of 
which the coal seams are exposed. 

At the junction of the two ravines carbonaceous shale is seen in the bed of 
the stream dipping to south-south-east at an angle of 12°. 
tion. eWripfcl ° n ° f #e0 " Upon this Tests a seam of good coal 3 feet 10 inches 
thick extending for about 20 yards along tile side of the 
ravine. This is overlaid by 5 feet of shaly sandstone, upon which rests a second 
seam of coal 8 feet 4 inches thick. This seam has been disturbed by several 
small faults or slips, and parts of it have been denuded to some extent before the 
deposition of the overlying sandstone, so that its thickness is not so constant as 
that of the lower seam. Proceeding up the ravine about 60 feet of fine yellow 
sandstones are passed over, and a third seam of coal is met with, cropping out 
on both sides of the ravine. The thickness of this seam could not be determined 
exactly, as a small landslip has occurred in the rooks above, and has partly 
covered it, but it is at least 4 feet thiok, though not quite free from shaly 
partings. Above this the ground is covered for 50 or 60 feet with the debris 
from the slip above mentioned, consisting of fine yellow sandstones and shales 
with many fragments of coal, and above this again, at the top of the section, is a 
fourth seam, of shaly coal, 2 feet thiok. In the whole section therefore of about 
150 feet there ore about 12 feet of good coal, distributed in three seams as shown 
below, in descending order 


Shaly coal 

Fine yellow sandstone and shale 

Coal seam. No. 3 

Fine yellow sandstone . 

Coal seam. No. 2 
Shaly aanditone 
Coal seam, No. 1 


Ft. Ins. 
about 2 0 

„ 60 0 

,*4 0 

„ 60 0 

„ 8 4 

* 5 0 

m 8 10 


Carbonaceous shale, thickness unknown. 

Total • „ 188 2 

The coal of aoamB Nos. 1 and 3 is much disintegrated by exposure, so that it is 
diffic ult to get good specimens for analysis, but it appears 
Quality of the oo»l. to be a very good coal, with a bright fracture and black 
colour, containing numerous specks and nests of a kind of fossil resin* This re- 
sinous .substance, which is characteristic of the coals of this region occurring in 
cretaceous together with the position of the seams below the nummulitic 

limaatona ) ghows that the coal is of the same age as that of the Garo hills and 
the «n»ll basin at and is therefore distinct from the ooal of Cham 

Poonjee, which occurs above the limestones. The coal of seam No. 2 is more 
compact and browner in colour, and is traversed in all directions by small joints. 
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It also oontains specks of the fossil resin. Samples assayed in the Survey labora- 
tory by Sub-Assistant Hira Lai gave the following satisfactory results : — 


Moisture 

Other volatile matter 
Fixed carbon 
Aah 


No. 1 does not cake ; ash pale red. 
No. 2 cakes; ash red. 


100 00 10000 


The section examined is very similar in some respects to one described by 
Captain H. H. Godwin-Austen (Jour. As. Soo. Bengal 
^Probable extent of the y oL XXXVIII, Pt. II, No. 1, 1869) as occurring on a 

small tributary of the Umblay near the village of Nong- 
kerasi, about 10 miles to the north-west of Borsora ; bfct to determine whether 
the coal-measures are continuous between these points would require a more de- 
tailed examination of the district than I was able to make. The only means of 
getting sections in suoh a country is to follow up the hill streams in which frag- 
ments of coal are found to the outcrop of the seam, and at this season (June) 
these streams are liable to sudden floods and become quite impassable. If it 
should be found that the coal does’extend between these points, its amount must 
be very large. 

The outcrop near Borsora is very favourably situated for being worked. It is 
Petition of the teams not more than half a mile within the hills and at a low eleva- 
u regards extraction of tion above the plain. The coal rises from the outcrops so 
the coal. that mines or quarries could be easily drained. The foot 

of the bilk ig only 1 mile from the Patlai river, a branch of the Jadukhata, and 
during the rains boats can come up to within a few hundred yards of the hills. 

Even now great numbers go close to the spot during the rains to carry away 
limestone from the numerous quarries between Borsora and Lakma. 


ADDITIONS TO THE LIBRARY. 

Psom 1st Apbil to 30 th Jujti 1888. 

Titles of Books . Doners* 

Andb2, Giobus G.— Practical Treatise on Coal Mining, Vol. II (1876), 4to, London. 

Ball, V. — Catalogue of the Examples of Meteoric Falls in the Museums of Dublin (1882), 
8vo, ph., Dublin. 

Ths Authob. 

BlahfoKb, H. F.— Rudiments of Physical Geography for the use of Indian Schools, 9th 
Edition (1881), 8vo, London. 

Bbasfill, Col. B. R. — On the Sivandurga rude stone cemetery, Central Mais&r, 4to, ph. 

Ths Authob. 
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Bbonn's.— Klassen and Ordnungeu dm Thier-Reiebs. 

Band II, Porifera, Lief. 2 . 

Band VI, Abth. Ill, Beptilien, IAef. 1 and Lief. 36-87. 

Band VI, Abth. V, Sftugethiere : Mammalia, Lief. 26 (1870— *1883), 870 , 
Leipzig. 

Classified List of Indian Produce contributed to the Amsterdam Exhibition, 1883, (1883), 
fisc., Calcutta. 

Rivbxub and Agricultural Drfartkbnt. 

Elliot, Sib H. M.— History of India as told by its own historians, edited by John Dowson, 
VoL II (I860), 8 vo, London. 

Encyclopedia Britannica, Vol. XV, 9th Edition (1883), Am, Edinburgh. 

FouquO, P. xt L 6 vr A. Michxl, — Mindralogie Mierpgimphiqne Boehes Jfaroptives Pran^aiees, 
with plates (1879), 4to, Buis* 

Gabbts, A. nnd Becker, A. — Znr Physiographic des Meeres (1867), 8 vo, Trieste 

Gaudbt, Albebt.— Les Enohainements dn Monde Animal dans lea temps gdologiques : 
fossiles primaires (1883), 8 vo, Paris. 

The Author* 


Gkikib, Archibald. — Text book of Geology (1882), 8 vo, London. 

Green, A. H. — Geology, Part I, Physical Geology (1882), 8 vo, London. 

Henmann, Db. Kabl.— Anleitung zum experimentireu bei Vorlesnngen fiber Anorganisdm 
Chemie (1876), 8 vo, Braunschweig. 

H(efbb, Ferdinand.— Histoire de la Physique et de la Chimie (1872), 8 vo, Paris. 

Lock, Alfred G. — Gold : its occurrence and its extraction (1882), 8vo, London. 

Milne, J.— The Peruvian Earthquake of May 9th, 1877, 8 vo, ph., Tokio. 

The Author. 


Mojsisovics, E. V. und Nbumatb, M.— Beitrage zur Palaontologie Gsterreich-Ungarns. 
Band III, heft. 1—2 (1883), 4to, Wien. 

Novak, Db. Ottohab. — Zur Eenntniss der Bohmisohen Trilobiten (1883), 4to, Wien, 

Thb Author. 


PaMontologie Franqaiee, Ire Stfrie, Auimaux Invertdbrds, Terrain Jnrassique, Tome X, 
pp. 1 — 176 and livr. 61 ; XI, livr. 80. 

Terrain Cidtaod, Tome VIII, pp. 885—432 and livr. 29. 

2nd Sdrie, Vtfgdtaux, Terrain Jurassique, Tome III, pp. 465— 514, 
and livr. 32 (1873— 1883), 8vo, Paris. 

Pearson, A. N.— The development of the Mineral Besources of India (1883), 8 vo., Bombay. 

Thb Author. 


Quensthdt, Fb. Aug. — Handbnch der Petrefaktenkunde. Aufiage III, Lief. 8-9 (1882), 
8vo, Tubingen. 

Reclus, RlisAb. — The Earth, Vole. I-II, 3rd Edition (1877), 8vo, London. 

Rbiff, Ch. Ph.— Parallel Worterbuob. I. BossUober Theil (1880), 8vo, Bt Petersburg* 
Richthofen, Fbbdinavd Fbeihebbn vox.— China, Band II and IV (1882*83), 4to, 


Berlin. 

Th« Anson. 

Bonn, Lethaea Geognoatioa. Theil. I* litkiM Palaaoaoica, lirf. 2, textband 

(1888), 8vo, Stuttgart. 

Vibqik, C. A— Konelim 8v.uk* Fregstten Doganie* m omkrfng Jord ea. Botanik I, 
X^iik m, and Physique III (1882, 1888, and 1874), 4to, Stockholm. 
WuBia, Ab.— L evons fiWmentaires de Chimie Modem*, 4th Edition (1878), 8vo, Paris, 
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Titles of Boohs . Donors. 

Zeilleb, R.~ Examen de la Flore Fossile dee Couches de Charbon du Toug-King (1882), 
8 vo., Paris. 


Thh Authoh. 


PERIODICALS, SERIALS, &c. 

Annalen der Physik und Chemie, Neue Folge, Band XY1I1, No. 4 ; XIX, Nos. 5-7 (1883), 
8vo, Leipzig. 

Annales des Mines, 8“ a Sdrie, Tome II, livr. 5 — 6 (1882), 8vo, Paris. 

L’ Admins. des Mines. 

Annales des Sciences Naturelles, 6“® Sdrie, Botanique, Yol. XY, Nos. 2-4 (1888), 8vo, 

Paris. 

Do. do. 6 ma Sdrie, Zoologie et Paldontologie, Tome XI Y, Nos. 1—6, 

(1882), 8vo, Paris. 

Annals and Magazine of Natnral History, 5th Series, Yol. XI, Nos. 64 to 66 (1883), 8vo, 
London. 

Arohiv fiir Nhturgeschichte. Jahrg. XLYI, heft 6; XLYIII, heft 5 ; and XLIX, heft 2, 
(1880, 1882, and 1883), 8vo, Berlin. 

Atheneum, Nos. 2889 — 2902 (1883), 4to, London. 

Beiblatter zu den Annalen der Physik und Chemie, Band YII, Nos. 2 to 4 (1883), 8vo, 
Leipzig, 

Bibliothbque Universelle. Archives des Sciences Physiques et Naturelles, 3 ma Pdriode 
Tome Vm, No. 12, and Tome IX, Nos. 1—4 (1882-83), 8vo, 
Genfcve. 

Biblioth&que Universelle et Revue Suisse, 3 ra# Pdriode. Tome XVII, Nos. 60-51 ; XVIII, 
Nos. 52-53 (1888), 8vo, Lausanne. 

Botanisches Centralblatt. Band XIII, Nos. 8—13 ; XIV, Nos. 1 — 9 (1883), 8vo., Cassel. 

Chemical News, Yol. XLYH, Nos. 1215 — 1228 (1883), 4to, London. 

Colliery Guardian, Yol. XLY, Nos. 1157 — 1170 (1883), fol., London. 

Das Ausland, Jahrg. XVI, Nos. 9—23 (1883), 4to, Miinchen. 

Geological Magazine, New Series, Decade II, Yol. X, Nos. 4—6 (1883), 8vo, London. 

Iron, Yol. XXI, Nos. 530-543 (1883), fol., London. 

Journal de Conchyliologie, 3 n * Sdrie, Tome XXII, No. 4 (1882), 8vo, Paris. 

Journal of Soienoe, 3rd Series, Yol. Y, Nos. 110—113 (1883), 8vo, London. 

The Editor. 

Just, Db. Leopold.— Botanischer Jahresberioht, Jahrg. YII, Ahth. I, heft 2, and Abth. II, 
heft 8 (1883), 8vo, Berlin, 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Soienoe, 6th Series, 
Yol. XV, Nos. 94—96 (1888), 8vo, London. 

Mining Journal, with Supplement, Yol. LIII, Nos. 2480—2493 (1888), fol., London. 

Nature Novitates, Nos. 5—10 (1883), 8vo, Berlin. 

Nature, Yol. XXVII, Nos. 697-706; XX VIII, Nos. 707-710 (1888), 4to, London. 

Neues Jahrbuoh fur Mineralogie, Geologic und Palaeontologie, Band I, heft 2-3 (1883), 8vo, 
Stuttgart. 

Do. do. Beilage-Band II, heft 3 (1883), 8vo, Stuttgart. 

Palaeontographica. Band XXIX, lief 8*4 (1883), 4to, Cassel. 

Do. Supplement III, .lief 1, heft 2 (1877), and lief 10—11 (1882), 4to, 

Cassel. 
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Petermann’s Geographische Mittheilungen, Band XXIX, Nos. 4—6 (1683), 4to, Gotha. 

Do. do do. Supplement, No. 71 (1883), 4to., Gotha. 

Quarterly Journal of Microscopical Science, New Series, Vol. XXIII, No. 90 (1883), 8?o 
London. 


GOVERNMENT SELECTIONS, REPORTS, Ac. 


Assam. — Report on the Administration of the Province of Assam for 1881*82 (1883), 8vo, 
Shillong. 

Omit Commission**, Assam. 
Bombay. — Baines, J. A. — Imperial Census of 1881. Operations and Results in the FresL 
dency of Bombay, including Sind, Vole. I-H (1882), fisc., Bombay. 

Bombay GoVbinmbnt. 

Gazetteer of the Bombay Presidency, Vol XIII, Parte 1-2, and Vol. XIV 
(1882), 8vo, Bombay. 

Bombay Goymbsmimy. 


Central Provinces. — Dbysdale, T. — Census of the Central Provinces, 1881, Vds. l-II 
(1882-83), flsc., Bombay. 

Chief Commissioner Cbnteal Pbovincbs. 

India.- Annual Settlement of the Trade and Navigation of British India with Foreign Coun- 
tries and of the Coasting Trade of the several Presidencies aud Pro- 
vinces in the year ending 31st March 1882, Vol. 11 (1888), 4to, 
Calcutta. 

Superintendent, Government Printing. 

» Blanfobd, Henby P. — Report on the Meteorology of India in 1881, (1888), 4to., 
Calcutta. 

Meteorological Rbpobtbb, Govern mint ov India. 

„ Registers of Original Observations in 1882, reduced and corrected, March— May 
1882, (1888), 4to, Calcutta. 

Meteorological Rbpobtbb, Government op India. 

„ General Report on the Operations of the Survey of India comprising the Great Tri- 
gonometrical, the Topographioal and the Revenue Surveys under the 
Government of India during 1881-82, (1883), Esc., Calcutta. 

Subvbyob General of India. 

„ List of Civil Officers holding Gazetted Appointments under the Government of 
India in the Home, Legislative, and Foreign Departments, aa it stood 
on the 1st January 1883, (1883), 8 vo,- Calcutta. 

Home Department. 

,, Note on Census Operations in Cental India, and Statements showing the popula- 
tion, Ac. (1882), flsc., Bombay. 

Rbvbnob and Agricultural Dbfabtmint. 

„ Report on the Politioel Administration of the Territories within tha Central India 
Agency for 1881-89, No. 188 (1883), 8vo, Calcutta. 

Pouioir Ornoa. 

N from the Beoords of the Government of India, Foreign Department, 

No. 188. Report of the Political Administration of tho Bajputana 
States for 1881.-88, (1888), 8vo, Calcutta. 

Fobuiov Ornoa. 


H 
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Titl** qf Books. 

India.— ‘Statistical Tables for Hritish India, 7th Issue (1668), 4to, Calcutta. 

Govbbnmbnt Printing Office. 
Madras.— Brandis, D.— Suggestions regarding Forest Administration in the Madras Pro. 
sidency (1888), fisc., Madias. 

Home Dipabtxisi, 

N.-W. Provinces.— Census of North-Western Provinces and Ondh in 1881 : Sex Statistics, 
(1882), flso„ Allahabad. 

Rbybnub and Agricultural Department. 


TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES, SURVEYS, Ac. 

Batavia. — Catalogns der Numismatische Afdeeling van het Museum van bet Bat. Genoots. 

van Kunsten en Wetenschappen, Tweede Druk. (1877), 8vo, Batavia. 

The Society. 

„ Natuorkondig Tijdschrift voor Nederlandsch India. Deel XLII, (1869), 8vo, 
Batavia. 

Thb Society. 

„ Notulen van de Algemeene en Bestuurs-vergaderingen van het Bataviaasch 
Oenootsohap van Kunsten en Wetenschappen. Deel XX, Nos. 1-4 
(1882), 8vo, Batavia. 

The Society. 

,, Tijdschrift voor indische Taal— Land— en Volkenkunde. Deel XXVII, No. 6, 
and XXVIII, Nob. 1-4 (1882-83), 8vo, Batavia. 

The Society. 

„ Verhandelingen van het Bataviaasch Genootschap van Knnsten en Wetens- 
chappen. Deel XLII, Stuk 2 (1881), 8vo, Batavia. 

Thb Society. 

Belfast. — Proceedings of the Belfast Natural History and Philosophical Society for Session 
1881-82, (1882), 8vo, Belfast. 

Thb Socibty. 

Berlin. — Sitzungsberichte der Konig. Preuss. Akademie der Wissenschaflben, Nos. XXXIX- 
I|IV (1882), 8vo, Berlin. 

Thb Academy . 

„ Zeitscbrift der Dentschen Geologischen Gesellschaft. Band XXXIV, heft. 4 
(1882), 8vo, Berlin. 

Thb Society. 

Brussels.-— Annales de la Sooitftd Malaoologiqne de Belgique. 2 ma Sdrie. Tome I-IV, 8"* 
Sdrie, Tome I (1876-81), 8vo, Bruxelles. 

The Society. 

„ Annales du Musde Royal d* Histoire Naturelle de Belgique. 

Tome III, pt. 1. Text and atlas, 1878 and 1881. 

„ VII „ 8. Do. 1882. 

„ X „ 1. Do. 1882, 4to, and fol, Bruxelles. 

• Jhb Museum* 

i, Bulletin de la Socidtd Royale Beige de Geographic. Annie Vt, No. 6; Annde. 
VII, No. 1 (1882-83), 8vo, Bruxelles. 


Thb Society. 
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OALCum.— Calcutta University Calendar, 1882-83, (1883), 8vo, Calcutta, 

HrB, Mbdlicott, la). 

„ Journal of the Agricultural and Horticultural Society of India, Hew Series, 
Yol. Yn, pt 1 (1888), 8*0, Calcutta. 

The Society. 

» Journal of the Asiatic Society of Bengal, Hew Series, Vol. Ill, pt. 1, Ho. 1 
(1888), 8vo, Calcutta, 

Tn Society. 


„ Proceedings of the Asiatic Society of Bengal, Hoe. IMD (1888), firo, Calcutta. 

Tap Society. 

„ Records of the Geological Sumy of India, Yol. XVI, pt. 2 (1888), 8 * 0 , Calcutta. 

Geological Suave* or luma. 
Cambbidge, Mass. — Bulletin of the Museum of Comparative Zoology, Vol. X, Nos. 2*4. 
(1882), 8 vo, Cambridge. 

The Museum of Comparative Zooloot. 
Copenhagen. — Oversigt over det Kong, danske Videoskabernes Selskabu, 1882, No. 3, and 
1883, No. 1 (1882-83), 8 vo, Copenhagen. 

The Academy. 


Edinburgh,— T ransactions of the 
Edinburgh. 


Royal Scottish Sooiety of Arts, Vol. X,pt. 5 (1883), 8 vo, 

The Society. 


Fbankfubt-am-Maine. — Abhandlungen der Senokenbergisohen Naturforschenden Gesells- 
chaft. Band XIII, heft. 1 , (1883), 4to, Frankfurt-am-Maine. 
Halle. — Leopoldina. Heft. XVII (1881), 4to., Halle. 

The Academy. 


», Nova Acta Academies Gasarre® Leopoldino-Carolinee Germanic® Natures 
Curiosorum, Vols. XLH — XLM (1881-82), 4fco, Halle. 

The Academy. 

Konigsbbbg.— Scbriften der PhyBikalisob-Okonomisohen Gesellaobaft, Jahrg. XXI, Abth. 
2, and XXII, Abtb. 1-2 (1881-82), 4to, Konigsberg. 

The Society. 

Lausanne. — Bulletin de la Societd Vaudoise dee Sciences Naturelles, 2" e Sdrie, Vol. XVIII, 
No. 88 (1882), 8 vo, Lausanne. 

4 The Society. 

Lifco*.— Adreue to Cbambre. Ldgielativee au eojet de la oarte Gdologiqne de la Belgique 

(1883), 8 vo ph., Li&ge. ^ _ _ 

Geological Society, Belgium, 

Liverpool, — Proceedings of the Liverpool Geological Society, Vol. IV, part 4 (1888), 8 vo, 

Liverpool. The Society. 

London.— Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XII, 
No. 8 (1888), 8 vo, London. 

n Journal of the Iron and Steel Institute, Ho. II (1882), 8 vo, London. 

The Institute. 

„ Journal of the Royal Asiatic Sooiety of Great Britain and Ireland, New Bevies, 
Vol XV, parts 1—2 (1888), 8 vo, London. 


The Society. 
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London.— -Journal of the Society of Arts, Vol. XXXI. Nos. 1581—1508 (1883), 8vo, 
London. 

The Society. 

„ Proceedings of the Royal Geographical Society, New Series, Vol. V, Nos. 2—5. 
(1888), 8vo, London. 

The Society. 

* „ Proceedings of the Royal Society of London, Yol. XXXIV, Nos. 222—223 (1883), 

8 vo, Loudon. 

The Society. 

„ Quarteily Journal of the Geological Society of London, Vol. XXXIX, Nos. 153— 
154 (1883), 8vo, London. 

The Society. 

Madeid. — Boletin de la Sociedad Geografica de Madrid. Tomo XIV, Nos. 1—4 (1883), 8vo, 
Madrid. 

The Society. 

Manchester.— Transactions of the Manchester Geological Society, Vol. XVII, pts. 5—7 
(1883), 8vo, Manchester. 

The Society* 

Melbourne, — Report of the Chief Inspector of Mines to the Honourable the Minister of 
Mines for 1882, (1883), fisc., Melbourne. 

Mining Department, Viotobia. 

„ Reports of the Mining Surveyors and Registrars for quarter ending 3lBt 
December 1882, (1883), fisc., Melbourne. 

Mining Depabtment, Victobia. 

Moscow.— Bulletin de la Sooidtrf Irapdriale des Naturalistes. Tome LV11I, No. 2, livr. 1 — 2 
(1882), 8vo, Moscow. 

The Society. 

M un chen.— Baueb. Gustav. — Gedachtnissrede auf Otto Hesse (1882), 4to. ph. Miinchen. 

The Academy. 

„ Meteorologische und Magnetische Beobachtungen der k. Stern warte bei Miinchen, 
Jahrg, 1881, (1882), 8vo, Miinchen. 

The Academy. 

„ Sitzuugsberichte der Mathematisch-Pbysikalischen Classe der k. b. Akademie der 
W issenfcchaiten, 1881, heft. IV ; 1882, heft. 1 — 4 (1881*82), 8vo, 
Miinchen. 

The Academy. 

New Zealand.— Seventeenth Annual Report on the Colonial Museum and Laboratory, New 
Zealand (1882), 8vo, New Zealand. 

The Museum. 

Paris.— Bulletin de la Socidtd G5ologique de France, 3" e Sdrie, Vol. XI, Nos. 1 — 3 (1883), 
8vo, Paris. 

The Society. 

„ Mdmoires de la Soci0td Gdologique de France, 3“* Sdrie. Tome II, Nos. 8 A 4 
(1882), 4to, Paris. 

The Society* 

Philadelphia.— Journal of the Franklin Institute, 8rd Series, Vol. LXXXV, Nos. 3—6 
(1883), 8vo, Philadelphia. 

The Institute 
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Pisa.— Atti della Societa Toscana di Scienze Natural!, Memorie, YoL V, fasc. 8 (1888), 8vo, 
Pisa. 

The Society. 

Plymouth.— Taylob. William Ambrose.— Catalogue of the Library of the Royal Geo- 
logical Society of Cornwall (1882), 8vo, Pbymoaih. 

The Society. 

Rome.— Atti della R. Aooademia dei Lineal, Sdrfe Tires, Memorie, Yols. IX»X (1881), 4to, 
Roma, 

The Academy. 

„ Atti della R. Accademia dei Linoei, Sdrie Terza, Transnnti, Yol. YU, fasc. 4—10, 
(1883), 4to, Roma. 

The Academy. 

„ Bollettino del R. Comitato Geologioo d Italia, Yol. XII 1 (1882), 8vo, Roma. 

The Commission. 

Salem Mass.— Abbott, Chables C.— Primitive Industry (1881), 8vo, Salem Mass. 

Peabody Academy of Science. 

M „ Proceedings of the American Association for the Advancement of Science, 
30th Meeting (1882), 8vo, Salem. 

The Association. 

Sinoapobb.— Journal of the Straits Branch of the Royal Asiatic Society, No. 10 (1883). 

8vo ' 8ingBpore - Ths Society. 

SrocBHOLM.— S^bnonius. Fbedb. V.— Bidrag till norrbottens Gcologi (1880), 8vo, ph. 

Stockholm. _ 

Geol. Suevey of Sweden. 

h Sveriges Geologiska Undersokning. Ser. A. a. Kartblad med beskrifmngar. 

Nos. 70, 80—83, 85—86. Ser. B.b., Nos 1—2. Ser. C., Noa. 45—52 
(1880—82), 8vo and 4to, Stockholm and Lund. 

Geol. Subyey of Sweden. 

Sr. Petebsbueo. — Bulletin de I’Acaddqai 0 Impdriale des Sciences. Tome XXY11I, No. 2 
(1882), 4to, St. Pdtersbourg. 

The Academy, 

Mdmoires de l’Acaddmie Impdriale des Sciences de St. Pdtewbourg, 7 W * 
Sdrie, Vol. XXX, Nos. 9-11 (1882), 4to, 8t. Pdtersbourg. 

The Academy. 

Schriften der Rnssisch-Eaiserlichen Gesellachaft ftir die Gesammte 
Mineralogie, Band I, ahth. 1—2 (1842), 8vo, St. Pdtersbourg. 

Yerhandlungen der Kaiserlichen GeselUchaft fur die Gesammte Minera- 
logie sa St. Pdtersbourg. Jahrgang 1862—1863, (1862-68), 8vo, 
St. Pdtersbourg. 

Yerhandlungen der Rusrisoh-Kaiserlichen Miueralogischen Gesellpcbaft 
zn St. Pdtersbourg, Vols. I— VII (1842—51), 8vo„ St. Pdtersbourg. 

Tobino.— Atti della B, Accademia delle Scienze di Torino, VoL XYU1, disp. 1—4 (1882— 
1883), 8vo, Torino. 

' The Academy. 
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Toeonto.— Proceedings of the Canadian Institute, Toronto, VoL I, faso. 8, (1882), 8vo, 
Toronto. 


Thr Institute. 


Vienna.— Jahrbuch $er Eais. Konig. Qeologischen Beiohsanstalt, Band XXII, No. 4, Band 
XXXIII, No. 1 (1882—83), 8ro, Wien. 

The Institute. 


„ Verhandlungen der K.E. Geologisohen Beiohsanstalt, No. 18 (1882), Nos. 2—7. 
(1883), 8vo, Wien. 

The Institute. 

,, Register zn den baenden 81 bis 85 der Sitznngsberichte der Kais. Akad. der 
Wissensohaften, (1882), 8vo, Wien. 

The Academy. 

% 

„ Sitznngsberichte der Eais. Akad. der Wissensohaften. Band LXXXV, Abth. I, 
heft. 1-5; Abth. II, heft. 3-5, and Abth. Ill, heft. 1-5. Band 
LXXXVI, Abth. II, heft. 1., and Abth III, heft. 1-2 (1882), 8vo, 
Wien. 

The Academy. 

Yokohama.— Mittheilungen der Deutschen Gesellschaft fur Natnr and Volkerkunde Osta- 
siens. Band III, heft. 28 (1883), 4to, Yokohama. 

The Sooiett. 


July 18th , 1883 . 



RECORDS 


Of HI 



GEOLOGICAL SURVEY OF INDIA. 


Part 4.] 


1888. 


[Hovember. 


Paleontological Notes from the Daltonganj and Hutar coalfields m Ohota Nagpur t 

by Ottokar Feistmantel, M.D., Paleontologist , Geological Survey of India. 

The above two coalfields were surveyed by Messrs. Hughes 1 and V. Ball * 
respectively, but no fossils were known from either of them. It was, however, 
of interest to ascertain whether fossils occurred there and of what character they 
were, as it was quite to be expected that some portion of the coal beds in one or 
the other might be of the age of the KarharbAri beds. I was consequently last 
winter deputed to visit these coal-fields and 1 to examine them for fossils. The 
results were satisfactory enough, as not only were fossils met with in good 
numbers, but they were also sufficiently dear to allow of some of the horizons 


The DaUonganj coalfield . 

This coalfield is situated about 50 miles weBt of HazaribAgh, and is traversed 
by the Koel and Am&nat rivers. The rocks represented in the coal-field are the 
Talchirs and the coal-measures. These were hitherto assigned to the BarAkar 
group of the Damuda subdivision of the GondwAna system. The examination 
of the fossils, however* showed that these coal beds of the Daltonganj field most 
probably are of the age of the Karharb&ri beds. 

The various outcrops in this field are described in Mr. Hughes* report; 
I visited most of them with the view of exa min i n g them for fossils. 

Outcrops at Singra . 

At the junction of the Koel and Aminat rivers, about 5 miles north of DaL 
tonganj, near Singra, where wnnfag is carried on to some extent, there is a good 
exposure of the coal-bearing rooks, consisting of sandstones and sandy shales, 
with three outcrops of coal seams. 

The base of the section close to the river efface consists of a series of 
sandy micaceous grey shales, which are on the whole unf osfri liferous j but very 

1 Mem. G. 8. U Vol. VIII, PI 1 
1 Ibid, VoL XV, PI. 1. 
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nearly at the base there is a stratum in which some leaf impressions occur ; they 
are not very distinct, though the following can be recognised : — 

Gangamopteria cyclopteroides var. attenuate 

Qloaeopteria communis, Feistm ; large leaves. 

„ indict Schimp. 

The stratum immediately above this bed contains root-like impressions tra- 
versing the rock in various directions ; in some cases they appeared to me to be of 
Vertebraria. Above this bed is the coal outcrop, representing the first seam of 
the series. 

Above this follows a series of sandstones and shales, without any trace of 
fossils, underlying the second seam. Above this Beam there follows a series of 
grey sandy shales, with a band of hard and light grey shale. 

The third seam, which now follows, is not exposed in this section on the 
river, but a little further to the south. In a soft fine shale, of groy colour with 
reddish tints, above this seam the following fossils were found : — 

Vertebraria indica, Boyle. 

Ndggcrathia hialopi , Bomb. (Feistm.) ; numerous. 

Samaroptie parvula, Heer, 

Seeds, may be of the foregoing species. 

These fossils, though not very numerous or quite decisive, yet show an ensem- 
ble like those from the third Karharbfiri seam or from the Mohphni coal seams, 
both of which, there is little doubt, belong to the Karharb&ri beds. 

This Karharb&ri character of the fossils is, however, more distinctly expressed 
in some other outcrops to the north of Singra. 

Outcrop 8 at Eajhera. 

There is no mining carried on at present at this place, though there are traces 
of old workings ; there is, however, no want of outcrops, one of which yielded a 
good number of fossils. 

In a nala to the south of Rajhera there are at first sandstones like those 
above the first Beam at" SingTa. Lower down below the sandstones there is an 
outcrop of grey saqdy micaceous shales, about 5 feet thick ; in about the middle 
of these shales, and I think representing the coal outcrop, is a band of a darker 
shale, which breaks irregularly, with somewhat a spheroidal structure. I think 
this outcrop represents the first seam of Singra. 

The above-mentioned dark shale band is full of leaf impressions, which are 
in most oases very well preserved, and amongst which the following species could 
be recognised : — 

Glouopteri* comamma, Feistm. ; very large leaves with a thick midrib sad ymj doss sad 
narrow meshes. 

Qloaeopteria indica, Sobimp. , 

„ decipiene, Feistm.; one specimen like the special foots the Karharbfri 
coalfield. * 

Gangamopterie cyolopteroidee, Feistm* The true original form like la the Takhirs 
and KarbaibirU; in various states of preservation, but alio showing distinctly the 
basal portion. 
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Oangamopterie fir. embomiemMa ; o» nice specimen, with doubled ud menrin. 

„ var. attenuate. F ^ 

8amaropei # # comp, ponmlo, Heer ; just like some from the KtrhwMri beds. 

Voltzia — a brnnohlet of a coniferous plant, belong I think to this genua 

There are some other shale outcrops east of Rajhera, which, however, did not 
yield many distinct fossils, though the rock in which they occurred, a sandy 
shale of greenish-brownish colour with reddish tints, resembles one in the 
Mohpdni coalfield containing fossils of the Karharbtri type. The only fossils in 
the present instance were : Qlossopteris community Fdstm., and BquuetZeoua stems. 

A comparison of the fossils named above with those from other coalfields 
will show that they bear the character of those known from the Karhhrbdri beds 
and there is little doubt that the coal seams of the Daltonganj coalfield, at least 
those where fossils were found (at Single and Kajhera), are of the age of the 
Karharbfiri. beds, which circumstance would perhaps add not a little to the impor- 
tance of the coalfield. 


The Hutar coalfield. 

From this coalfield, which is situated on the Koel river to the south of the 
Daltonganj field, and which was surveyed by Mr. Ball, I have also brought a few 
fossils. I visited first the outcrops on the northern margin, south of the village 
Nowadih. Here the coal-bearing rooks are in contact with the Talchirs. Follow- 
ing a nala which joins the Supuhi river close to where the road from Daltonganj 
crosses the former, at first Beveral outcrops are found between massive sandstones 
with a south-west dip ; in these no fossils were found. Further on, dose to the 
junction of the coal-bearing rocks with the Talchirs, there are other outcrops of 
strongly carbonaceous shales, quite close to the Talchirs, in which the follow ing 
fossils were found 

Chang amopterie cycloptsroidea, Feifltm. 

„ rar. attenuate. 

These carbonaceous shales pass without break into strata which belong to the 
Talchirs, and are conformable with the former ; the rook is, however, not of the 
usual kind, being still somewhat carbonaceous shale, although undoubtedly 
already in the Talchirs j here also some fossils were found : — 

Squieetaceoue stems. 

Oangamopterie cyolopteroidee , Feistm. j typical form. 

„ var. eubauriculata. 

If we consider now these latter as belonging to the Talchirs, then the carbo- 
naceous outcrops in dose proximity to them are perhaps either of the mmA age^ 
or else represent the Karharb&ri beds, while the higher outcrops would have to 
be considered as representing the Bar&kar group. This is the only locality where * 
these relations could be recognised. 

Further to east, at. the village Hutar, there are again some outcrops, also 
apparently in oonforaity with the Talchirs ; some fragments of fossils were found, 
but to determine the horizon ; I should, however, feel ^ 

consider them as Barfikars. 
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Somewhat better fossils were met with near the east end of the field, north 
of Saidope. At the confluence of the Dauri and Ghorsam streams there is a 
great display of beds. At the bottom of the section close to the river surface is 
coal, over it lies coaly shale, then grey sandy shales, above which follow sand- 
stones of yellowish and reddish colours. 

The fossils occurred in the black coaly shale above the coal, and the following 
could be recognised : — 

Kqn\8«toeeo tt* items ; verj numerous. 

&los8opteri$ indices Scliimp. 

„ damudiea , Feistm. 

Coniferous branch like Voltzia . 

To judge from these fossils, the outcrops can be considered as belonging with 
great probability to the Bardkars, and the same appears to be the case with the 
other outcrops in 'the field, so that only on the northern margin of the field would 
the fossils allow of a more varied grouping of the beds. 

Some of the fossils gathered on this occasion from the Daltonganj and Hu tar 
coalfields will be figured in the Paleeontologia Indica, together with some others 
collected on a previous journey in the Aurunga and Kdranpura coal-fields. 


On the altered basalts of the Dalhousie region in the North-Western Himal ayas, 
by Colonel C. A. McMahon, F.G.S . — {With two plate*). 

In my paper on the Geology of Dalhousie, I have already described the mode 
of occurrence of the rocks of the volcanic series in the Dalhousie area, and it 
only remains to note their petrological characteristics as seen in thin slices 
under the microscope. 

Specimen* from the Bagrdr ridge . 

No. 1. — A dull green amygdaloidal rock weathering to a light brown colour. 
Sp. G. 2*85. The amygdules are of small size and are composed of scolecite, 
delessite, and a red zeolite. A little iron pyrites is to be seen here and there. 

M. — This slice closely resembles an undescribed specimen of the Darang traps. 
Augite is abundant, and is in irregular-shaped elongated pieces ; none of it is 
fresh, and the felspar is also considerably kaolinised. Viridite is abundant, and 
the slice contains epidote in a granular form. Scolecite not only fills amygdules, 
but has replaced much of the original material in their vicinity. 

No. 2.— A greyish-green amygdaloidal rock weathering to a light brown. 
Sp. G. 2*86. The amygdaloidal cavities are filled with quarts and scolecite, 
and specks of iron pyrites are to be seen here and there in the rock. 

M. — The amygdules are composed of scolecite, quarts, and viridite, the latter 
containing many crystals of epidote. Cracks in the rock and in the amygduleB 
are filled with viridite and a yellow substance resembling epiddte. The viridite 
is of the serpentinous variety. 

The augite iB altered almost past recognition, but it can be doubtfully made 
out here and there with the aid of polarised light. The small felspar prisms 
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are still to be traced, but all signs of twinning Has disappeared, and the felspars 
have been so eaten into, andjreplaced by the green alteration-product, that their 
outline is irregular. The whole rock is permeated through and through with 
this green product of alteration, and all the outlines of the original minerals 
have become confused and hazy. Wo trace of magnetite remains. 

The quartz which occurs in the centre of an amygdule surrounded by soolecite 
has a dusty appearance, which on the application of high powers ( X 800 to 800) 
is seen to be caused by a multitude of extremely minute liquid cavities* many of 
which have movable bubbles. The liquid in seme of the cavities is red 
coloured. The quartz appears to have formed after the soolecite which lines the 
amygdaloidal cavities, as it conforms itself to the outward form of the soolecite 
crystals. 

No. 3. — A grey-green compact rook. 8p. 6-. 9*81. 

M.— This is quite a typical lava. The base which forms a prominent object in 
the field of the microscope is considerable in amount in proportion to the 
imbedded crystals, and probably constitutes more than one-half of the whole. 
It is greenish-white in reflected, and something between a brown and an olive 
green in transmitted, light. It is not at all dichroic, and it does not polarise 
between crossed nicols, but changes from dark to its natural colour, much light* 
however, being absorbed. Under high powers it is resolved into veiy minute 
granular matter. This base is evidently a partially devitrified glass and repre- 
sents the residuum left uncrystallized owing to the rapid cooling of the rock. 

In this base, besides the larger crystals to be described further on, minute crys- 
tals of felspar, often acicular in shape, are scattered about, which are I think 
very characteristic of a rapidly .cooled lava. Some of them have enclosed por- 
tions of the base, as in fig. 7, plate II, whilst others are in skeleton or incomplete 
forms similar to those depicted nt 'figs. 1, 3, 4, 5, and 6, which are given aa 
samples only, the shape of these minute crystals being very varied. 1 

In this base, besides the minute crystals juBt described, comparatively large 
ones of felspar and augite are arranged in clusters and groups. 

In my paper on the basalts of Bombay I described the penetration of felspar 
by augite aud of augite by felspar as a structural peculiarity very characteristic 
of volcanic rocks. This structure is more than usually prominent in this slice ; 
indeed a large proportion of the augite and felspar crystals are interlaced and 
intermixed in a way that is very striking, and is often very complex. It would 
seem as if the first formed crystals floating about in the fluid base before they 
attained any size were drawn together by mutual molecular attraction, and that 

* Figs. 6, 7, and 10 closely resemble some of the figures depicted in fig. 4, ^ plate XI, Zirkel’t 
Microscopic Petrology of the 40th parallel. Zirkel considers the forms shown in fig. 8, plate XI 
of hie work above quoted aa “ probably a felspathic crystalline product of devitrification." Un- 
fortunately •• devitrification,** as at present used by microscopists, is a very ambiguous term j thua 
Mr. F. Rutley, in a paper published in the Q. J. G. S. XXXVI, 407, write. «f a rook demribad 
therein i “Iu the first case, it may be regarded as an obsidian devitrified at it* birth $ in the 
second, as an obsidian devitrified »» it* old ag*.» Does Zirkel mean that the skeleton crystals he 
describes arc congenital or #pigenital P If the latter, I think he has missed the point of (he 
matter. I think these imperfect forms are the result of rapid oooling aud correspond to the 
akeleton crystals of slags. 
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the growth of the crystals then went on side by side so rapidly that they em- 
braced and interlaced each other in the act of crystallization. 

At fig. 1, plate I, the sketch of a portion of this slice, magnified 30 diameters, 
is intended to give a general impression of its appearance in the field of the 
microscope, and the way the imbedded ciystals of angite and felspar group 
themselves together in the base — one long band of the associated minerals forming 
a sort of festoon across the centre of the field. 

At fig. 2 of this plate 1 have given a sketch of another portion of the same 
slice, magnified 60 diameters. The singular way the augite has embraced the 
felBpar prisms iB shown in the Bketch. The feathery kind of termination of some 
of the felspars reminds me of those shown at fig. 2, plate I, of the illustrations to 
my paper on the Bombay basalts, and suggests the feathery terminations, 
described by Dr. Sorby, of the felspar of slags. 

Other illustrations of the intergrowth of augite and felspar are given at figs. 2, 
8, 9, and 11, plate 11. 

In a previous paper 1 quoted a passage from Dr. Geikie on the Volcanic rocks 
of the basin of the Firth of Forth, showing how felspar prisms “ shoot ” through 
crystals of augite as though they were “ intrusive.*’ Such figures, as the extra- 
ordinary ones represented at figs. 9 and 11, plate II, certainly imitate “ intrusion ” 
in a remarkable way, and at first sight suggest the idea that the felspar must 
have filled cracks in the augite crystals at a period subsequent to the genesis of 
the augite ; but, I think these singular appearances are simply due to the fact 
that the crystallization « of both the felspar and augite proceeded rapidly at the 
same time, and that the supply of material for the formation of the two minerals 
fluctuated. It will be observed, moreover, in fig. 2, plate I, and in figs. 2 and 9 
of plate II, that the felspar is attenuated in the centre of the augite and expands 
rapidly at the edges. I have observed this to be a general rule, and have seen 
many cases of it much more striking than those in the illustrations to which 
attention is directed ; and I think this peculiarity shows that the augite did not 
crystallize around previously formed felspar prisms, but that the crystallization 
of the two minerals proceeded simultaneously, and that the supply of felspathic 
material was, for a time, cut off by the vigour with whioh the molecules of augitic 
matter came together. 

In fig. 2, plate I, and figs. 1, 2, 3, and 9 of plate II, I have attempted to 
illustrate a tendency observable in felspar crystals to fray out at their ends, or 
rather to throw off long hair-like prisms or appendages. This peculiarity is 
another indication, I think, of rapid cooling, showing that as crystallization 
proceeded, the supply of material was cut off by the loss of perfeot freedom of 
molecular motion consequent on cooling; hence these crystals were unable to 
assume a perfeot crystallographic form. 

I dwell upon these details at some length, because they are not without interest 
in themselves, and because it is chiefly by noticing characteristic structural 
peculiarities that we are able to distinguish between basic volcanic and baric 
plntonio rocks. m 

All the augite in this Blice is of irregular shape fa few crystals only are 
twinned. 
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If we except the minute crystals just described, and those caught up in 
augite, the felspar crystals seen in this slice are as a rule well shaped, though 
many, even of these, are frayed out at one end ; that is to say, they have thrown 
out one or more long and slender terminal prisms indicating that their crystallisa- 
tion, though deliberate at first, was ultimately brought to a sudden and rapid 
termination. 

Here and there the felspar exhibits the multiple twinning of triolinio felspar ; , 
a few sanidine prisms exhibit single twinning; bat in most of the cqntals all 
trace of twinning is absent. The substance of the prisms has been mnoh invaded 
by greenish granular matter similar to that seen in the base, and it is difficult to 
my whether it was caught up iu the act of crystallization or whether it is the 
result of subsequent alteration. 

The slice contains no magnetite, and some of the felspar is sanidine. There are 
a few fields of viridite in the slice. 

No. 4. — A greenish-grey compact rock weathering to a light brown colour. 
Sp. G. 2-fe4. 

M.— This slice exhibits the usual arrangement of felspar and augite scattered 
about in a devitrified glassy base. Some of the felspar is seen to be triclinic, but in 
the majority of cases, owing to kaolinisation, the twinning is no longer to be 
traced. I think, however, from a consideration of the azimuth at which extinction 
occurs, that some of the felspars are probably sanidine. 

This slice contains numerous instances of the enclosure of the glassy base by 
felspar in the act of crystallization, similar to those already described. An 
illustration of one of these is given at fig. 10. In some instances these enclosures 
run the whole length of the prism and maintain a uniform thickness throughout. 
Another illustration of one of these enclosures is given at fig. 12, plate II. 1 In 
this case the magma enclosed has thinned away towards the centre of the prism, 
being thick at both ends. It is not a case of two prisms in dose conjunction 
as one might suppose from the illustration, but of one prism with the glassy base 
caught up in it. 

The augite in this rock is much altered. The slice contains several cracks, 
filled with quartz, which die out within the slice itself— cracks formed I presume 
on cooling. 

No. 5.— A greenish- grey compact rock, brown and rotten at the edges* 
Sp. G. 2*69. 

This rock occurs on the margin of the outcrop where the trap first appears. 

M. — The whole ground mass ban been converted into vindite in which the 
felspar crystals are starred about. 

Here and there the triolinio character of the latter can be made out, bat their 
internal structure b ag been a good deal altered into granular matter. Scattered 
t hr ough the are grannies of a dichroic yellowish mineral which appears to 
be epidote. Its gbapA is irregular and its internal structure is micro-gra nular * 
No augite is visible. 

* This crystal somewhat resembles one of tbe crystallites in peariite depleted at flg. 80, plate 
Zirkel's Microscopic Petrology of the 40th parallel. 
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Descent from Dhalog to Sanddra on the Ravi. 

No. 6. — A greenish-grey compact rock weathering brown. Sp. G. 2*80. This 
rock occurs where the trap first crops out. 

M. — One of the first objects that strikes one on looking at this slice is the 
abundance of the light brown glasBy base which is partially devitrified into fine- 
grained granular matter. In this base crystals of felspar and augite are scattered 
about. Very little magnetite or ilmenite is to be seen, but there is much 
leucoxene, the product of the decomposition of the latter. * 

Much of the felspar is seen to be triolinic, but some of it is sanidine, and 
probably both are equally abundant. The felspar is considerably decomposed by 
the invasion of viridite, and part of it is coloured red by the presence of fine 
granular matter in it which is too minute td be determined. 

Augite is abundant in irregular shaped prisms, and much of it is twinned. 
It is not in a fresh condition, but its alteration is not in an advanced stage. 

Water has percolated freely through the rook, and meandering lake-like spaces, 
plugged with scolecite and viridite, are to be seen here and there, f lakes of mica 
are scattered through the vindite. 

The penetration of augite by felspar prisms, which are more attenuated in the 
middle of the augite than towards the margin of the latter, similar to those 
previously described, is very frequent. 

No. 7. — A greenish-grey compact rock, somewhat mottled in appearance. 
Sp. G. 2-84. 

M. — This slice in its general aspect very closely resembles No. 3, except that 
the febpar prisms and augite czystals are better formed and are of more regular 

-i — « 

The felspar is almost completely kaolinised, and all trace of twinning has con- 
sequently been obliterated. Nearly all the augite is partially altered. No un- 
changed magnetite is discernible in this slice or in No. 3. A portion of this slice 
is depicted at fig. 3, plate I. 

No. 8. — A greenish-grey compact rock with streaks of epidote in it. Sp. 
G. 2-87. 

jl, Epidote, associated with quartz, forms large veins running through the 

rock and takes up the greater part of the slice ; whilst smaller veins of epidote 
alone, and of quartz alone, traverse it in other directions. The general mass is 
likewise much penetrated by epidote. The epidote is in a minutely granular 
condition, though well shaped microscopic crystals are to be seen in abundance 
along the edges of veins. 

The rook itself consists of the usual felspar oiystals starred about in a devi- 
trified glassy base. All the felspar crystals are greatly altered and invaded by 
granular matter. No unaltered augite remains, and nothing distinctly recognis- 
able as augite. Bod-like and dendritic forms of magnetite are abundant in the 
base. 

No. 9. — A greenish-grey compact rook. Sp. G. 2*76. 

M. — Augite is abnndant and is in rather massive* irregular shaped prisms. 
The slice contains, however, one long slim augite. Twinning is not oommon. 
All the augite is more or less browned as the result of partial alteration. 
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The felspar is in well-shaped prisms of moderately large size. It is muoh 
kaolinised, and the twinning can only he made out here and there. The slioe 
apparently contains both plagioclase and sanidine, 

Amygdules of viridite (delessite P) and scolecite are prominent, and flakes of 
mica are to be seen in both. All the ilmenite has been converted into lencoxene. 

Trap from the Ravi section between Smliu and KadrL 

No. 10. — A mottled greenish-grey compact rook. Sp, G. 2*78. 

M. — Angite is abundant in this slice, bat it is all more or less altered and 
converted here and there into a serpen tinous product. 

The felspar is greatly kaolinised. A aerpentinous variety of viridite is abun- 
dant and contains some crystals of epidote. 

Here and there the original glassy base, now partially devitrified, is still to 
be made out. 

No. 11. — A mottled greenish-grey compact rock. Sp, G. 2*86. 

M. — This slice is very similar to the last, but the angite is still more altered. 

An irregular vein filled with epidote meanders through the slice. The 
triclinic character of some of the felspar can still be discerned, but the rest is 
completely kaolinised. 

No. 12. — A pale greenish-grey, perfectly compact rock with a vitreous aspect. 
Sp. G. 2*84. 

M. — The slice consists of a devitrified glassy base in which numerous crystallites 
of felspar are starred about. The base is composed of micro-granular matter 
of grey oolour with a faint greenish tinge in it. Diffused through this are 
patches of minutely granular matter, of irregular outline, that polarises between 
crossed nicols. It is probably imperfectly formed epidote and may possibly 
represent pre-existing angite. 

The slioe is traversed by numerous veins filled with crypto-crystalline and 
apparently felspathio material crowded with countless, colourless, hair-like 
microliths. These veins were apparently filled by an exfiltration process during 
the cooling of the rock. 

Below the Staging Bungalow Mdmul to the west . 

No. 13.— A mottled compact rook varying from green to purple. Sp. G. 
2*73. B.B : fuses to a blaqk magnetic bead. 

M.— This slice consists of a glass, partially devitrified and exhibiting flow 
structure, containing a large amount of ferruginous, minutely granular material, 
arranged in flocculent mas ses. Much of it is peroxidised, and this imparts a red 
appearance to the slioe in reflected light. In this base are scattered minute and 
irregular shaped prisms of felspar which exhibit no twinning. A compara- 
tively large one has. the multiple twinning of a triclinic felspar. Here and there 
patches of lencoxene are to be seen, but no angite. 

The slice contains a few shapeless grains of a dichroic and minutely granular 
mineral ich appears to be epidote. 

No. 14.— A greenish-grey compact rook. Sp. G. 2*86. B.B : fnses easily to 
a dark bead. 

B 
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M. — This slice consists of a denitrified glassy base in which imperfectly 
formed crystals of felspar are .scattered about. It very much resembles No. 12. 

Conclusion. 

All the above specimens give abundant evidence of having been lavas erupted 
at the surface of the earth’s crust. No existing volcano could yield a more 
typical lava than No. 4. 

The Dalhousie traps appear, on the whole, to belong to the basic type. 
No. 5 may possibly belong to the intermediate series, but No. 13 waB evi- 
dently a highly glassy rock, approximating to a basalt glass, and No. 5 may 
have belonged to this class also. 

Augite is abundant in all the other specimens except in Nos. 12 and 14 
(in which it is wanting) ; and their specific gravity ranges from 2*76 to 2*87 ; 
their average being 2*83. The specific gravity of Nos. 12 and 14 is 2*84 and 
2*86. All the specimens described in this paper, except No. 5, clearly belong to 
the basio class. 

Sanidine is present in most of the specimens, but it plays a subordinate 
part. The presence of a small amount of sanidine, even in true basalts, is 
not specially remarkable. 1 

Considering the extent to which alteration has proceeded, the absence of 
olivine was only to be expected, for it is one of the first of the basaltic minerals 
to decay, and it may have furnished the materials for the formation of some of 
the secondary minerals bo abundant in these rocks. On the whole, I think, the 
Dalhousie traps may be classed as altered basalts. 

The next question which arises is whether the microscopical examination of 
these rocks throws any light upon their geological age. 

The idea that basalts are tertiary rocks has long since been exploded, and 
it is now known that they may be of any age. Moreover, those who formerly 
held that basalts are of tertiary age Would probably have classed the rocks now 
described as melaphyres. I discard the name melaphyre myself, because its 
use is apt to be misleading, inasmuch as altered plutonio rocks are sometimes 
included under that term. 

All the specimens examined show that the Dalhousie traps are greatly altered. 
In none is the augite fresh ; whilst in some it is altered almost past recognition. 

The felspar is, as a rule, more or less kaolinised ; whilst throughout the slices 
secondary products art abundant. 

The extent to which alteration has proceeded in these rooks is in my opinion 
a good argument in favour of their being of considerable geological age. 

The alteration exhibited appears, from the aspect of the rocks under the 
microscope, to have been 4 the result of either the slow percolation of water or 
of hydro-thermal agencies.' This alteration is not a mere local peculiarity, but 
appears* to prevail throughout these rocks and to extend over a large area. 

Considerable time must surely have been required for the production of the 
uniform changes- to be seen in these dense traps. In the absence of evidence to 

1 See ZiikeTs Microsco o Petrology of the 40th Parallel, pp. 216* 320. 
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the contrary, I think we may safely conclude that the extent of alteration 
affords, in a rough way, a measure of the age of these rocks. 

The basalts of Bombay are believed to be of upper cretaceous or lower tertiary 
age ; and if we compare the extent to which alteration has proceeded in the two 
rocks, — both being basic lavas of much the same character — I think it ts logical 
to infer, unless and until evidence to prove the contrary can be adduced, that the 
traps of the Dalhousie area are considerably older than the basalts of Bombay* 
The result of their examination under the microscope is therefore to support the 
conclusion, as to the age of the traps described in this paper, arrived at on other 
grounds in my paper on the geology of Dalhousie* 


EXPLANATION OF PLATES. 

Plate I. 

Fig. 1. Altered basalt. Dalhousie. Slice No. 3* Sketch intended to give a 
general idea of the way the augite and felspar crystals are inter- 
laced and grouped together in clusters. 

Fig. 2. Another portion of the same slice showing the feathery terminations of 
some of the felspar crystals and the intergrowth of augite and 
felspar consequent on the simultaneous crystallization of these 
minerals. 

Fig. 3. Altered basalt. Dalhousie. Slice No. 7. Crystals of felspar and augite 
are Been scattered about in a partially devitrified glassy base. 

Plate II. 

Fig. 1. An incomplete or skeleton form of felspar crystal. Slice No. 3. The 
result of rapid solidification. 

Fig. 2. Intergrowth of augite and felspar, the result of rapid cooling. Slice 
No. 3» 

Fig. 3. Another skeleton form of felspar crystal. Slice No. 3. 

Fig. 4. Ditto. 

Fig. 5. Ditto. 

Fig, 6. Ditto. 

Fig. 7. Skeleton crystal of felspar which has, owing to rapid cooling, enclosed 
a portion of the base. Slice No. 3* 

Kg. 8. Intergrowth of angite and felspar. Slice No. 3. 

Fig. 9. Ditto. 

Fig. 10. Enclosure of the base by a skeleton crystal of felspar. Slice No. 4. 

Fig. 11. Intergrowth of augite and felspar. Slice No. 8. 

Fig. 12. Enclosure of glassy base by skeleton crystal of felspar. Slice No. 4. 
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On the microscopic structure of some sub-Himalayan rooks of tertiary age , 
by Colonel 0. A. McMahon, F.G.S. 

No. 1. — A fine-grained sandstone of the Sirmur series, containing a fossil leaf, 
found by Mr. Medlicott south-east of Chune, on the Ravi. The following note 
on this specimen is taken from the Records of the Survey of India, Vol. IX, p. 
52 “ In this very crushed, probably inverted, outorop I found a char acteristic 
sample of the Kasauli plant bed, the only occurrence of it known west of the 
Sutlej.” 

M. — The grains of quartz in this slice are nearly all angular, and only a few 
here and there are subangular. 

Grains of granular limestone are numerous, and one fragment of felspar is pre- 
sent. Leaves of biotite (?) and muscovite are to be seen here and there, and are 
evidently original constituents of the rock and were deposited along with the 
sand. The leaves of mica are bent round and conform to the external shape of the 
grains between which they are jammed. The sand of our Panjab rivers .is full 
of fragments of mica. 

The slice contains some green dichroic grains that may have resulted from the 
degradation of trap. It also contains fragments of garnet and of schorl. 

The interstitial mud has been converted into a crypto-crystalline material. 

I have only detected liquid cavities, with movable bubbles, in one grain of 
quartz. The bubbles are extremely small ones. 

Specimen* of fine-grained sandstones from Bhond. 1 

No. 2. — This specimen closely resembles the last described. It contains frag- 
ments of schorl, muscovite, and green mica. Grains of calcite are present, but they 
are not so abundant aB in the last. There are some micro-garnets and a little 
haematite. I have observed no liquid cavities in the quartz. 

No. 3. — The same as the last. The slice contains four minute fragments of 
plagioclase. Calcite is sparce, and the quartz contains no liquid cavities with 
bubbles. 

No. 4. — This specimen is very similar to the preceding ones. It contains 
more calcite than the last and more argillaceous material. It contains neither 
schorl nor garnet, but liquid cavities with movable bubbles are present in the 
quartz. 

No. 5. — The grains of quartz are in angular fragments closely dovetailed 
together. The interstitial mud which occurs in patches is dark between crossed 
ufcols showing doubly refracting fibres scattered about in it, apparently of 
felspathio material. 

The slioe contains some grains of schorl and fragments of green mica and 
muscovite. * Some of the grains of quartz contain liquid cavities with movable 
bubbles. 

In and one of the previous slices, a quartz grain oontaina a microlith 
with an internal shrinkage cavity, — a circumstance that indicates an igneous 

1 Records XVI, p. 85. 
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origin and shows that the grain of quarts was derived from the waste of granite 
or similar rock. 

No. 6.— -This slice consists of fragments of quarts and a muddy oement emu 
verted into a crypto-crystalline material ; it contains fragments of schorl* mus- 
covite, green mica, calcite, and one of garnet. There are patches of chloritio ma- 
terial here and there. 

Some of the quarts grains contain liquid cavities with movable bobbles. 

Bed clofs^BKond. 

No. 7.— This consists of angular pieces of quarts and fine fragments of mus- 
covite imbedded in very fine red mud. Patches of hematite are present him 
and there. 

No. 8.— Much the same as the last specimen. There is less mud and more 
fine-grained siliceous material and more white and green mica. The slice is of 
somewhat variegated colour owing to the presence of dark and clear irregularly 
defined bands. 

In one of the quarts grains I detected liquid cavities with small movable 
bubbles. 

No. 9.— Muoh the same as No. 7. Muscovite is more sparse* and I have not 
detected any liquid cavities in it. 

Kasauli sandstones. 

No. 10.— This slice consists of angular fragments of quartz and patches of con- 
solidated mud ; it contains pieces of schorl, leaves of silvery and of a yellowish- 
green mica ; also a piece of triclinio felspar ; a few small garnets and a fragment 
of a larger one. 

Some of the quartz grains contain movable bubbles, but they are small and 
sparce. One grain of quartz contains a microlith of hornblende, in which are 
numerous grams of opaoite and several enclosures with fixed bubbles in them. 
Another quartz grain is full of transparent hair-like belonites. This specimen 
contains no calcite. 

No. 11. — This slice greatly resembles the last. It contains muscovite, a red- 
dish-brown mica, schorl, numerous large pieces of garnet, a little granular 
calcite, a fragment of epidote and fragments of a carbonaceous slaty rock. The 
muscovite is in good-sized leaves. 

Some of the grains of quartz exhibit a polysynthetic structure, whilst others 
con tain mioroliths of muscovite similar to those so characteristic of the gneiasoae 
granite of the North-West Himalayas. There are some fragments of crypto-crys- 
talline mica (another characteristic of the gneissose granite) and a grain of fibrous 
felspar (a form of microcline, — see Records XVI, 131). 

There is a ft™* 11 fragment of triclinio felspar and, I think, of decomposed or- 

thoclase. 

Some of the quart* contains liquid cavities with movable bubble*. 

Bakloh landttone*. 

Km 18 and 13 .— These dice* consult of angular and sulMmgular grain* of 
quarts set in mud. The quartz is not very clear or pellucid, being here and there. 
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milky and opaque ; and soma of the grains exhibit a polysynthetio structure. 
The earthy portion is stained yellow with oxide of iron, and here and there 
brown dots appear which are probably limonite. 

* No caloite or mica is present, but there are a few small fragments of a 
dichroio mineral that may be schorl. 

No. 12 contains cavities with bubbles, but not movable ones. 

No. 14. — This rook so closely resembles the Kasauli sandstone that a separate 
description is unnecessary. Schorl, a small garnet, and a little felspar are pre- 
sent in the slice. The quartz contains liquid oavities with movable bubbles 
and stone cavities with fixed bubbles and mineral deposits.' Muscovite is spares. 

Dagshdi sandstones . 

The specimens described below were taken from the side of the Simla cart 
road facing Dagshti. 

Nos, 15, 16, and 17. — These are seen under the microscope to be composed 
of fragments of quartz and of slaty rocks, some of which appear to be car- 
bonaceous. Fragments of well crystallised calcite and of schorl are also pre- 
sent. Each slice contains a few pieces of triclinic felspar, one of which includes 
microliths of muscovite. Leaves of tnugcovite and a yellowish-green mica are 
abundant. 

One of the grains of quartz has crypto-crystalline mica attached to and 
penetrating it. It has all the appearance of being a fragment of the gneissose 
granite. There are also separate fragments of the crypto-crystalline mica. Some 
of the quartz grains are polysynthetio. 

A few Bmall garnets are present, and liquid cavities with movable bubbles are 
abundant in the quartz. 

Sitoalik series (Nahan beds /), Naini Tdl road . 

Nos. 18, 19, and 20. — These consist of angular pieces of quartz, bits of slate, 
and a little mud, the quartz predominating. Leaves of muscovite and a green- 
ish mica and fragments df schorl are present in the slice. Some of the quartz 
grains contain microliths of muscovite similar to those contained in the 
gneissose granite. Some of the quartz is milky and opaque, and none of it is 
particularly hyaline. 

Liquid oavities are numerous in the quartz, but those with bubbles are com- 
paratively spares. 

Nahan sandstone — JValagarh. 

No. 21. — This slice consists of angular and sub-angular grains of quartz, 
quartzite, slate, limestone, schistose rocks, and kaolinised felspar, cemented 
together with mud. Some of the slate appears to be carbonaceous. 

A good many of the grains of quartz are of polysynthetio struptixre similar 
to the fish-roe grains of the gneissose granite. The slice contains a fragment 
of triclinic felspar and a few of the foliated variety of miorocline. Much of 
the quartz is milky and opaque ; muscovite is present and also a few fragments 
of schorl. 
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Liquid cavities with movable bubbles are numerous ia the quests ; also 
air oavities. 

Nahan sandstone — M&ilog. 

Nos. 22 and 23. — These specimens are composed of angular grains of quarts 
imbedded in. fine mud of greenish colour. The dices contain fragments of 
schorl and the quarts liquid cavities with movable bubbles. 

Siwcdik (?) sandstone, Pkdir, 

The undoubtedly Siwalik mudstone of the outermost range ia too friable to 
admit of slicing, but except in indu ra ti on it seems Hthologioally identical wtib 
the Dhar rock. 

No. 24. — This slice very much resembles No* 21 in Ha general appearance under 
the microscope and in the nature of its contents. Both contain fragments of 
red quartzite, green schists containing magnetite that remind mo much of 
hornblendio beds near Shiel, in the Jubal State, beyond Simla; and fragments 
of a rook that looks like a decomposed amygdaloid. No. 24 differs from No. 21 
in containing fragments of a pink garnet, flesh-ooloured in transmitted light. 
Muscovite is present in large leaves in No. 21, but in No. 24 no mioa is present, 
except in form of microliths in the quartz. No. 24, moreover, does not con- 
tain any “ fish-roe” quartz. 

Both rocks under the microscope are generally so similar, that if they do not 
represent the same beds, at any rate, some of the rocks that were exposed and in 
process of erosion when the Nalagarh beds were laid down must have been in 
process of erosion when the Dhar beds were deposited. 

The slice under description (24) contains a doubly refracting mineral that 

appears to be schorl. 

The garnets are full of air cavities ; whilst liquid cavities with large movable 
bubbles are abundant in the quartz. 


Conclusion. 

A microsoopio .lamination of the fine-grained earthy sandstone containing a 
a fossil leaf fonnd by Mr. Medlicott in the Sirmnr homon on the Ram, and of 
the beds trans-Ravi at Bhond, and of spme of the beds ^ 
fossil leaves have also been fonnd) i and a comparison of tfwee 
slice of a typical Kaeanli bed leave no doubt in my mind that tbeKasauh leaf 

legion, appears to be near, but not on, the northern boundary of the outcrop 

° f ^he l&SMiK hS beds, in -which name I include all those alluded to in the 
last^^-o^ed of very fine-groined 

■ “-'Hr- - ' — — *'■ 

C. J. Hodger. »t DhirnuaU and given m. by th.t gontJem 
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whilst either minutely triturated fragments of mica ere mixed up with the mud, 
or a portion of the latter has been converted into that mineral. The former 
explanation seems the more probable one. 

Taking the specimens of the Sirmur series described in the preceding pages 
as a whole, they appear to have had their origin in the subaerial waste of the 
oarbo-triassio limestones, infra-oarbonif erous slates, granitic rocks, and probably to 
a small extent of traps. The evidence afforded by the Sirmur sandstones on 
the latter point, however, is feeble. 

A prominent feature in most of the slices is well crystallised or granular 
limestone, in fragments that have all the appearance of having been deposited 
with the other constituents of the rock. They are all isolated fragments ; there 
are no veins or connecting links between them, and nothing to support the sup- 
position that they have been formed by an epigenital process after the consolida- 
tion of the sandstone. I can only regard these as fragments of limestones, and I 
think the inference a natural one that the carbo-triassio series was exposed at the 
surface and was suffering denudation when these tertiary sandstones were 
formed. We know on other evidence that in the Simla area these limestones 
were deeply eroded by subaerial agencies 1 in pre-tertiaiy times. 

The presence in these sandstones of fragments of carbonaceous slaty rocks 
that would answer well for the infra- Krol series also supports this view. 

But infra-Krol and Krol rocks were evidently not the only ones that were suff er- 
*ing denudation in the Himalayan area when the Sirmur series were laid down. 
The presence of faohorl, of a type characteristic of granitio rocks ; of fragments 
of garnet, a mineral very abundant in such rooks in the North-West H imal ayas ; 
of muscovite and a dark green mica ; of triolinic felspar, and of the fibrous variety 
of microcline, taken in connection with the character of the quartz grains, 
indicates, I think, clearly enough, that granitic rocks were also exposed at the 
surface and were suffering denudation when the sandstones were formed. 

The schorl and muscovite I should say undoubtedly came from granitic 
rocks; the former is of the type characteristic of such rocks, and does not 
resemble the tourmaline* found in the silurian sandstones of the Dalhousie area. 

Garnets might of course be derived from a variety of rooks, but at the same 
time it must not be forgotten that this mineral is abundantly present in the 
granites and gneissose granites of the Himalayas. 

But the character of the quartz is the most important point in connection 
with the subject under consideration. Liquid cavities with movable bubbles 
are abundant in many grains; in quite as large a proportion of grains as one 
could reasonably expect on the supposition that they were derived horn. 
Himalayan granitio rooks. Then we have grains containing microliths with 
shrinkage cavities in them, exactly similar to those found in our Himalayan 
granites; and in No. 10 we have a hornblende miorolith containing several 
enclosures with fixed hubbies in them ; whilst in No. 14 we find qutotz grains 
containing stone cavities with fixed bubbles, and mineral matter either deposited 
by the mineral shaterial of the “ stone enclosure ” on cooling, or caught up by it 
in the act of consolidation. All the above are eminently characteristic of granitic 

1 Manual, pp. 588, 568. 
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rocks and could be w ^ ldh a d , over and over again, in the granites and gneissoee 
granites of the Himalayas. , 

Other points to be noted are that some of the quarts grains exhibit a paly, 
synthetic structure, end that both quarts and felspar cont ain of 

muscovite ; whilst Nos. 15—17 contain fragments of crypto^cn^staSin# and 

a quarts grain penetrated by crypto*erystaliine mica. The study of the granites 
and gneissose granites of Dalhousie and the ftteej valley, under the microscope, 
has shown that polysynthetio quarts* miomChhe of muscovite in quiets ted 
felspar, and crypto^crytelline mica see very teamctwirtic of these seeks. 

On the whole, then, I cannot doubt tite much ef the manorial of the Birmnr 
sandstones were derived from the warte of granitic rotes. 

The comparative paucity of felspar may I think be explained by the fact 
that this mineral is not so hard as quarts, schorl, or garnet, end consequently 
must have suffered more than these minerals from trituration. It is moreover 
very liable to decomposition, and doubtless it was the fekpar that suffered most 
in the passage of granitic detritus down the Himalayan streams and rivers, and 
supplied a considerable proportion of the constituents of the mud that forms the 
binding material of the sandstones. The felspar suffered more than the lime- 
stones, because, I presume, it had to travel further, and came from the axial ridges 
of the Himalayas, whilst the limestones were nearer home. 

Mioa is soft, but is very indestructible ; and its very lightness and buoyancy in 
water doubtless preserved it from injury by the way. 

Another question remains, namely, were the granitic materials derived di- 
rectly from granitic rocks, or were they first deposited in ancient olhstio rooks 
and supplied to the Sirmur sandstones on the breaking up of those rocks P 

I do not think the latter supposition a probable one. The schorl and garnets 
are very fresh, and had they Iain for long geological periods in ancient clastic rooks 
before they found a resting place in the Sirmur sandstones, I think they would 
have shown considerable signs of alteration or have been transmuted into other 
minerals that result from their degradation. 

Assuming then that the granitic materials were directly derived from gra- 
nitic rocks, the important question arises, were they derived from rotes now 
visible or from some others P 

It does not seem probable that any granitic rocks can have been exposed in 
t he Sir mur sandstone age other than those now visible. It is conceivable that 
acme old intrusive sheets may have been removed by erosion, but they most base 

left their roots behind in any case. , 

That rooks of very similar appearance to the gneissose granites described in a 
previous paper, and which I regarded as of tertiaiy age, must have been exposed 
in Silurian times, is dear, for the upper-silurian conglomerate contains boulders 
of granitoid gneiss. Samples of these boulders have not as yet been subjected to 
a critical «imi in the laboratory, and it would be pranatare to express any 

decided opinion regarding the eharaoter of this granitoid rock ; but whatever it 
may turn ontto to be no reason why we should wppose that gra- 

nitic intrusions into the Himalayan area took place during one period only, or 
that they were limited to the special Himalayan disturbances of post^ooene times. 
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If these eruptions began in pre-tertiary or early tertiary times, the fact that 
gneisaose granite had oome to the surface and was suffering erosion when the 
Sinnnr series were deposited presents no difficulty. 

, That the gneissose granite was already exposed when the Siwalik conglo- 
merates were kid down, does not admit of a reasonable doubt, for the conglo- 
merates are full of boulders of a rock nndistingoishable from it ; and the Siwalik 
conglomerates afford internal evidence of being derived from local sources. 

In my paper on the microscopio structure of the * Dalhousie gneissose granite 
(supra, p. 143) I spoke of this rook as of probably tertiary age and said that it 
was probably “ brought into its present position in the course of the throes that 
gave birth to the Himalayas." Whilst I adhere to that statement* I desire to point 
out that it is not necessary for us to assign a late period in the tertiaiy age for 
the invasion of siluriaa beds by a hypogene rook of this character ; or indeed to 
pin ourselves down to the tertiary period at all. The facts disclosed in this 
paper would harmonise better with the supposition that the eruption of the 
gneissose granite took place at a somewhat earlier date than that usually assigned 
tojhe beginning of the last series of special Himalayan disturbances. 

It has been shown in the Manual of the Geology of India (pp. 525, 569-570) 
that the disturbing action proceeded with great slowness ; that the Himalayan 
river gorges in Siwalik times were the Bame as now ; that the sea was probably 
exolnded from the sub-Himalayan region from early tertiary times ; that eleva- 
tion preceded compression ; and “ before any special contorting action had set in, 
the general condition of sub-Himalayan deposition had been established by a 
general (continental) elevation of the Himalayan area/’ 

The J£rol (carbo-triaesic) rocks in the Simla area were deeply denuded by 
subaerial agencies (Manual, pp. 533-569) before the eocene nummulitics were 
laid down, and the Sabathu beds are “ veiy variable in thickness suggesting a 
limi t of deposition to the north-east." In other words, the Krol area in the Simla 
region was above water and formed dry land in pre-tertiary times ; and if se, it 
seems only reasonable to suppose that the central axis of the Himakyas, if not 
throughout its whole length, had. also, in part, at any rate, risen from the sea 
and formed more or less elevated land in pre-tertiary times, and so we find it stated 
in the Manual, page 571, that “ a considerable Himalayan elevation occurred in 
pre+tertiary and early tertiary times." 

The process of elevation doubtless was a Blow and gradual one and extended 
over a lengthened period; but the “ continental elevation" of the Himakyan 
area during a pre-tertiary period is just as likely to have been accompanied with 
hypogene granitic invasion of deep-seated rooks below the surface, as the subse- 
quent period of special disturbances which took place during the tertiaiy period. 

Whikt therefore I hold that the invasion of Silurian rooks by gneissose gra- 
nite was ccmneoted with the elevation and formation of the Himakyas, and think 
it probable that, in the Dalhousie area, the eruption of the guehpose-grazdte took 
place at the dose of the eocene. Or early in the miooene period ; at the same 
time, £ do not see that we need necessarily associate the eruption Of all the 
gneissose granite of the North-West Himakyas, or indeed any of it, with 
the latest phase of the special disturbances wind} began in postooceue times* 
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Note em (he Otology of Jaumsar and Me Lower Himalayas, by R. D. Oldham, 
Geological Survey of India. (With a map.) 

1. The last season’s work in the Himalayas haring shown that the series sa 
adopted ever since the publication ft life Medlieott’a Memoir on the Lower 
Himalayas > requires acme modification mA ojfiptwkm to make it appheahU to 
portions of the Lower Himalayas lyipg cafltifle ef the 8Wa eotaion, fit hp hesn 
thought advisable to publish a abort note ahptfhlf tt* wnlts of (he rammed 
surrey as far as it haa gone » hot while MtdMfit *■ atpowihle to wht* 
may be said to be definitely proved, it will be iwyokiWe to steer dpr of «fi|er 
points still doubtful, and these, whioh I shall diatiagnish to the heat of my 
ability , must be taken with every necessary reservation. 

2. One of the chief difficulties when starting work in Jeansar, a district sfcostt 
chiefly on account of the fact that large scale maps want obtai**M», lay tbfro 
fact that, with the exception of a great limestone series reasonably i dentifi e d With 
the Rrol, no* represen tati v e of any of the sub- divisions established on the Simla 

section was to be recognised. , 

3. The oldest formation here, whioh I shall provisionally call theOhakrata series, 
co nsists of grey slates and quartettes, underlaid by a band of limaatone genaeal* 
ly some 300 or 400 feet thick, whioh ia again underlaid by a greet senes of 
dates and quartzites marked by the prevalence of red and mottled beds. The 
principal exposures of the limestone lie in a aone rnnmng about east and wes t, 
and passing immediately to the south of the station of Ohakrata; to the mmth 
of tMs zone the hills are formed of the underlying red Chsfaata dates and 
quartzites, while to the south the upper grey states *f «pMed, jf*^**^*? 
the prevailing northerly dip of the beds. This is but ° f 

lava* puzzle, that newer beds atojost always seem to dip under old * r « J** 
Jo generally ffiversed, and ths* the dip of the beds in 

precisely the reveme of what wtfhld bo expected on i prune gentO* TbeUM 
thtataumi of those beds is indeterminable, parUy on account of thrirm^ee^ 
tuZoe, and partly from the fact that nor thern tame nor summit tarn been 

seen, but it must amount to many ^ of the same beds feteraeotod 

4. Ia.northern Jaunsar there u ^meath the Deoban limestone near 

by a great fault which, to khSaul, on the west of the Tow, 

the village of Konain, runs north-westwards to mnouwoi, 

and whioh I shall refer to as the ^onam-Mudhaal ta ■ 

6 . To the emt of this fault the* is e*po»* 

slatea ; and near Kzndn, w . which last are covered unoonfonneMy by 

beds of trap, overlaid by them it, near Kand% a bend of 

the Deoban limestone. Among the qwt»we w ^ iiMirhrl 

Urn. G. 6. I» V.L III. pt *. 
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on the mop illustrating Colonel McMahon's paper 1 as Blaini ; but the asso- 
ciated beds and the absence of the charaoteristio limestone seem to render this 
impossible. 

6. To the west of the fault the seotion as seen on the ascent from Anu 1 to Bane 
is first white quartzites with interbedded green and grey slates, overlaid by green 
and grey slates without quartzites and these again are capped at Chajar (Chilar) by 
a small patch of blue limestohe, whioh can hardly be anything but the same that is 
exposed near K&nda, and which I correlate with the Chakrata bed. The only other 
thing it could Well be is the Deoban, but though on the upthrow side of the 
Konain-Mudhaul fault so far as it affects the Deoban limestone, it is at a lower 
elevation than the base of the latter as exposed above Banu on the eastern or 
downthrow side. 

7. Here, whether the limestone bund be identified with the Chakrata bed or no, 
there seemA to be an inversion on one Side or other of the fault, probably to the east, 
and it is evident that the fault muBt have a throw sufficient to bring the same bed 
on either side of the fold to about the same level ; it is at present impossible to say 
for certain which is the up and which is the down throw side, nor to determine* 
even approximately, the throw of the fault, but it must certainly be measured by 
thousands of feet. 

8. In several parts of Jaunsar volcanic beds are exposed in the Chakrata series ; 
to the east of Chakrata, in the valleys of the EZutnu and Mord gadhs (stream), there 
are several beds of vohsanio breccia and ash lying both above and below a thick 
band of blue limestone identifiable with great probability as the Chakrata band ; 
near Lauri the same limestone again crops out and is once more associated with 
the volcanic beds, which are also seen in the valley of the Gamgadh. 

9. In the Tons below Ann there ore exposures of a brown ferruginous and 
dolomitio limestone, passing into crystalline ankerite in places, which I have con- 
jecturally correlated, notwithstanding its litholpgieal difference, with the Chakrata 
limestone* The volcanic beds associated with it are here far more extensively 
developed than I have seen elsewhere in Jaunsar and I consider that the peculiar 
nature of the rock is due to a contemporaneous admixture of volcanic detritus, 
a supposition which is supported by the facts that the southeromdst of the exposures 
as it is traced eastwards becomes less and less ferruginous, till near its disappear- 
ance it is in parts a blue limestone little it at all more impure than the normal 
Chakrata limestone, and that on the western side of the Tons valley above Anu 
there is an exposure of presumably the same band which, While being in parts a 
bluish-grey limestone, is also in parts extremely ferruginous. The facts just men- 
tioned seem to point to a centre Of volcanic energy shortly to the west or south- 
west of the oonffuSnoO of the Binalgadh with the Tons, While the volcanic bads 
of eastern Jaunsar were very possibly derived from a vent in what is how TM- 
GarhwaL 

1 Ass. G« ft., Vol. X., S04 pnfl* outcrop wu mapped by me, not by Colonel McMahon j I 
only emend the ground once, when marching with Dr* Oldham from M uaeoaree to Simla In 
I860.— H. B. M.] 

* Misprinted Dae in the map, 
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Oldham s Otology of Jaunsar. 

10. This cone of toIcmbc beds promises to be a horizon of gnat vahis in tracing 

ont the gsology of the L&rer Himalayas, and it may not he eat of plaoe to indicate 
the probability of their being contemporaneous with the eQarian Tolouio rook* 
of Ka s hmir and the North. West Himalaya*. At the tone I matt poin t out 
that it is not absolutely certain that they are of the same age a* the Chakrata 
limestone ; for although the limsOtotw with which they am aaaooiatad ooeu* in 
a similar position to, and is moat pafcaMj tbssarae as, the Chakrata be* yet it 
most not be forgotten that in the typtaal a#aa no associated Toksmio bade were 
seen. t 

11. Overiying the Chakrata se&a eoowSa great* thlokneas of limeet on ee and 
dolomites so similar to the Krai series to to It almost certainly eontemporaneona 
with it, bat whioh, as its relation to the underlying beds is wry dtf Nr ee t to 
what has been described on the Simla sMttoft, I shall proWatoatfly oall the 
Deofaan limestone. Lithologioally it consists of a great thickness of btaish*gr*y 
bedded limestones, some of the beds, as on the ascent t6 Oeobaa from Chakrata, 
containing many nodules of chert ; others which are generally mephitic haw a 
peculiar pisolitio structure, being composed of small round black nodules cemented 
by a white calcareous matrix : a peculiar structure seen iu some of the beds 
makes them resemble an accumulation of some closely-chambered shells imbedded 
in a matrix of calcareous mud, and so organic looking that it is difficult to 
believe that they are not obscured fossils. A very considerable proportion of the 
beds is in some of the sections dolomitio, varying from a slightly magnesian 
limestone to a pure pale-grey crystalline dolomite. Interstratified with these 
calcareous beds is a varying proportion of slaty beds, occasionally coloured, but as 
a rule grey. 

12. This series is quite uuoonformable to the underlying Chakrata beds, as is 
proved by its unoonformably overlapping or overstepping their eroded edges* This 
is very well seen near Konain, where the Deoban lies on the Chakrata limestone 
while as the boundary is traced to the west it is seen to rest successively on a 
(locally) descending series of slateB ; the unconformity is further indicated by the 
way in which the limestone rests, above Kanda, on the eroded edges of the pr*sum+ 
ably inverted Chakratas, and by the &ct that the Konain-Mudhaul fault which, 
as above explained, ha* a throw of some thousands of feet iu the older rooks, has, 
where it outs th e Deoban limestone, a throw of a few hundreds at most, tine 
being dne to a later movement along the original fracture $ it would serve no 
useful purpose to describe every junction of the two series, as the sa me facts are 
everywhere to be seen. 

13. It is evident that this is very different to what has been described on the 
Simla section/ and there are but three possible explanations— lri, that the Deoban 
and Krol limestones are not contemporaneous ; 2nd, that the junction On the Simla 
section is only apparently and looally conformable ; 3rd, that the Chakrata seriea 
is older then the Simla elates and underlies them unconformably. The first 
supposition may, t think; be dismissed ; the second 1 regard ae very probable, the 
very Sudden variatibns in the thickness of the Krol quartaite pointing to a 

i EL B. IMltotfe ; Menu OK & I*, VoL 1U*> **4 Msaul, pp 69*40*. 
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possible unconformity between it and the Krol limestone; the third is also pos- 
sible ; bat if the volcanic beds of Jannsar are .really of upper-silurian age, there is 
hardly room for the whole of the sequence between these upper-siluriana and the 
(at latest) triassio Krol limestone. At present sufficient facts are not at my 
disposal to enable me to say which of the latter two hypotheses may prove correct, 
but the question depends very much on the nature and amount of the disturb- 
ance of the Chakratas anterior to the deposition of the Deoban limestone. The 
inversion at Kanda may have been a purely local feature, the Chakratas having 
been elsewhere comparatively undisturbed 'it the time of deposition of the 
Deobans— in that ease the second supposition may be correct, and the Ohakrata 
beds either representatives of, or forming part of a conformable sequence in, the 
rooks below the Krol ; but if it should ultimately prove to be merely part of a 
widespread disturbance, the third hypothesis alone remains possible. 

14. Above the. Deoban limestone oomes a series of beds mostly conglomeratic, 
first identified by me in the neighbourhood of the Mandhali forest bungalow, 
after which I propose to call them, at any rate provisionally. They consist of 
Conglomerates mostly with a slaty matrix through which pebbles of quartzite 
slate or limestone are scattered, though some and in southern Jaunsar the 
majority of the beds are not conglomeratic at all, others are coloured slates not 
imlika indurated Sir mure, and others again are oaloareous ; of the latter, some are 
fine-grained limestones, others, though this I have only seen near to Mandhali, are 
limestone conglomerates cemented by a limestone matrix. The presence of these 
pebbles derived from the underlying Deoban limestone is sufficient to stamp the 
beds containing them as unoonformable to it. In southern Jaunsar, in addition 
to the limestone conglomerate with slaty matrix, which is not found in every 
exposure, the characteristic rook is a quartz grit containing fragments of Indur- 
ated red slate derived from the lower Chakrata beds. 

15. The facies of the Maadh&Ua is essentially littoral, or shallow water, as is 
(edified to by their ooarseness of grain, while the conglomerates with a slaty 
matrix, so riffle* to those of Blaini age, oould not have been formed exoept through 
the agency of floating j ice ; but it is not a little remarkable that, notwithstanding 
their evidently shallow water origin, there is hardly an exposure which does not 
exhibit one or more bods of pure limestone : this association of littoral beds with 
limestone is well seen on the cart road to the north of Kalsi $ whom a thick band 
of limestone is bounded on both sides by coarse-grained quarts grim. 

16. Outside ofJsunear I have detected these same beds, to the east in great force 
near Naim Tal and Blum Tal, and to the west, in the Qizi valley, I saw in 18$1 
ecune conglomerates, which at the time pussled me not a, little, but whioh I cannot 
new hesitate to refer to M a ndhali age. 

17. As regards the bomotaxy of the Mandhalis, they are later than the Deoban, 
and axe evidently of earlier date than the mam disturbance of the Himalayan 
rocks; so- much so that in the limestone} ere* pf northern Jaunsar, the small 
pa tfthfw that have bean left owe their preservation entirely to having been caught 
up in the folds and faultings of the limestone, end in this way preserved from 
denudation. They consequently occupy a position analogous to that of the 
Sinnurs to the northwest, and at first one would be inclined to oorrdate them 
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with the lastmamad rook* find assign to them an early tnrHmg age. However, 
the fact that munsmlitada of normal type a^e to be found near Bikhi Shea in Garb- 
wal 1 taken in conjunction with the extent of a® Mandhalis, ie against this SV|fr 
position, which, too, it is impossible to reconcile with the finding cf chanctexistki 
Mandhalis in the Giri valley, within a few miles of the boundary of tfc* Sininurs, 
in which no similar rook u to be seen. They nut therefore be «f pie- ter- 
tiary age, for there is no room in the ae q ue nfo for them to oozas after the 
Sirmnra. 


18. Above the Mandhalis are two series of root*, of which, as they occupy 
totally distinct areas, it is impossible to mg wWeh.'is to* older. Of theae one ia to» 
Nahan ; but as it occupies a very small area h the extreme south (f Jaunsar, 
and as it presents no peculiarities, it may 1 hs dismissed without farther tatlae. 

19. The other series merits Htten^sn.asit psesentl m unsolved and apparently 
unsolveable problem. In north-eastern Jaunsar, occupying a considerable toast 
of country is ,a series of fine-grained glassy quartsitos with interbedded aohitte, 
some of the beds containing granules of blue quartz, which in the Tons 

to the level of the river, but southwards merely cap the ridges , they He almost 
undisturbed and nearly horizontal on the eroded edges of the intensely disturbed 
older rocks, «»d are evidently far newer than any of the other formations in 
Northern Ja unsa r, or Bawar as it is locally called ; yet, though so much newer and 
so much less disturbed, the rooks are far more metamorphosed than those of the 
older series, the siliceous beds being everywhere converted into glassy quartzites, 
and the argillaceous bands being, in Bawar, nniformly schistose, while across the 
Tons, in Garhwal, they occasionally become almost gneissose. I propose to call 


this the Bawar aeries. . , ..... 

20. As the Beware are evidently of much later date than the main disturbance 
of the rooks, which in the Simla seotion has been shown to be of post-eooene date, 
they would seem to he referable to a middle or upper tertiary age ; but it is diffi- 
cult to suppose that rooks so metamorphosed can be contemporaneous with the 
soft sandstones of tb* lower or the loose shingles of the upper Siwuliks, and bendes 
there are very strong reasons for believing that even in Naban times toe Htam. 
layas existed as an elevated tract subject to denudation, “ there «y mo- 
larity between the Bawar and Nahan rocks even whe ~ 

metamorphosed by igneous intrusions. It is however possible toat th ese Bawar. 
may be of lacustrine origin and contemporaneous with the Cabans, -a 
supported to some extont by toe extremely small developm^t of to. Ntoan. at 
toe debouchure of the Tons and Jamna rivers, and by foflSId. 

fine grained to toe south of the Tons become uear toeir 

coarsely conglomerate When more infonnationhse^ ‘^S^qv fossite 
ties 4 doubttes. be cleared up, but toe improbably of ever finding any fossil. 

>»* a more detailed exmninato* 
* Mem. G.8. 1, HI,* $, » *» * 881 
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banishes the idea ; the only deposits that can be referred to this epoch ere the 
high-level gravels to be seen in most of the valleys bat most distinctly in that 
of the Seligadh where, as can be seen from the Ohakrata and Mussoorie road, 
they form broad gently-sloping terraces on the valley sides; the slope of the 
surface is more rapid than that of the present bed of the stream, being ore? 
800 feet above the latter at Makhata while near the jnnotion with the Jumna 
the difference in level does not exceed 100 feet ; in the small lateral valleys 
the slope rapidly increases, so that sometimes the gravel deposits ran almost up to 
the crest of the water-shed. These gravels have been formed since the Seli valley 
was cnt down t? fts present depth, as is shown by their extending in places right 
down to the ftyqpent level of the stream ; they could not have been formed* under 
existing oiroiUfiStenoes, for apart from the angularity of the fragments of which 
they are composed and the slope of their surface the peculiar parabaloidal curve 
of the surface Up .the lateral valleys is totally different to what is now being 
formed anywherq in the lower-Himalayas, but oould only have originated when 
the balance of disintegration and precipitation was very different to what is now 
the case ; disintegration must then have been so rapid that the streams oould not 
dispose of the debris which was shed from the hill slopes, the valley was conse- 
quently filled by a deposit whose surface had a comparatively gentle slope in the 
valley where the volume of the stream was greater, while in the lateral 
valleys, where the amount of debris was comparatively greater, the slope in- 
creased till it reached the angle of repose. It is needless to expatiate on the 
fact that this increased disintegration can under the circumstances only be 
attributed to a more rigorous climate, frost being the great disintegrator in these 
latitudes. 


Note* on a Traverse through the Eastern Khasia, Jaintia, and North Caohar Bills 
by Tom. D. LiTouchb, b.a., Geological Survey of Zp&ia. 

The object of my season’s work was to search for ooal andiron within reach 
of the proposed line of railway from Silohar to the Brahmaputra valley through 
the North Caohar hills. From what was already known of the ground (Hem* 
G. S., Voh IV., pi 3, 186$) there seemed to be little or no prospect of success, 
and so it has turned out. 

Arriving at Ckerra Pooujee about the middle of Deoember, I spent a few days 
i n examining the area mapped to Mr. Medlioott in 1871 (Mem G. S., Yd. VM» 
p. 181) so as to famiHariee myself urith the rook* in it. I then marched ao ms 
the Jaintia hill* to the North Caohar hills, visiting the ooaUWd of rjabdmy 
on the way. 

1. LaOanghot to JcwMi— Iieaving the village of Lai fco tffa which is situated 
cm the baqpdavy of the Shillong series and the granite frea of Mplimnby the old 
road to Jawai, Shillong quartettes arid granite ate passed over sMuetely for the 
first 6 miles, ttyere bring three exposures of granite entendkag assess the road 
to the south-west, and probably connected with tap mala area to the north. The 
qnartaitea are vertical, or dip at vmybigh angles with a general strike from 
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north-east to south- west. The last exposure of granite is about 1 mile to the 
south-west of Bableng hill. This hill oonsists of Shillong rooks, which extend 
without a break to the Mantedu at Jawai, the strike being generally between 
north and north-east bnt bending round to Oast-north-east b e tween tin ICangat 
(the boundary of the Jaintia hills) and the Maatedu. In this dMaotion also the 
rooks become more schistose, several beds of fine-grained hornblende schist occur- 
ring in the valley of the Umthnngpha, about I mile above its junction with the 
lUntedii- At the top of the hill to the east of the Mangat, near the village of 
Simunting, is a small outlier Of cretaceous rocks. , 

Beneath the village of Jawed the tohiste and quartettes am capped by ps te hli 
of cretaceous conglomerates, forming tow hills in aid about the villages! the 
bedding in these is horizontal. 

S. Jawai to Laiadong.—Txarmg south from Jawai along the Jaintiapnr road, 
at.;n™. g rooks extend to the summit of ths hill south of the Maatedn, where they 
are capped by fine oretaoeons sandstones forming lew scarped hills on either side 
of the road. Near the 5th milestone from Jawai the border of a small area of 
granite is passed on the nght-haud side of the road, extending to the south-west. 
The road then runs round the south flank of a hill of cretaceous sandstones to 
the Mankaiai, in the valley of which a broad dyke of trap occurs. This is a 
coarsely crystalline, dark-ooloured rook with arather metallio lustre and weather- 
ing red, and is entirely composed of augite and titaniferous iron Cretaceous 
sandstone again appear, in the scarp to the south of th» vaUey, coarse at 
the base andbecoming finer towards the top. These rockscontmue to and 
beyond Jarain, forming an undulating plateau with slight inclination to the 

"“"At Jarain coal occurs in these rooks, and has been worked to a snuU extent 
to supply the dAk bungalows here and at Jew**. A seam 
°-» •* crops out on both sides of a gully close to a small bridge 
on the road to the south-east of the village, mid is about 3 feet thu* overiuid by 
about 12 feet of hard, fine-grained sandstone 
of the cretaceous coal of these hills. Another 

“‘■•JS**** 

yssir jciKfiiiSi--— — * - 

Talne. . ^ JaintiAptn* road in the direction of 

Turning off to the ^ 0TOr the plateau of eroteoeoue 

Lakadong, the path passes by ’ ***£*? ^Lries of the Mantedu until the 
TodfM deeply indented on mthm n j ^ ^ aW lj000 feet deep.* The 
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and rest directly upon metamorphio rooks, which extend on both sides is the 
bottom. These rooks are similar to the metamorphios found on the north elope 
of the hills. 

From the top on the* opposite side an undulating plateau of cretaceous rooks 
extends for about 4 miles to the Tillage of ShuBhen, which is Bitnated on the 
edge of the gorge of the Lauriang, about 3 miles above its junction with the 
Montedn. Cretaceous rocks extend to a few hundred feet from the top on 
this gorge also, resting on metamorphics, and appear at the same level on the 
opposite side beneath the village of Batao. These rooks extend to the hill on 
which L&kadong stands, about half way up which nnmmnlitic limestone occurs, 
overlaid fay sandstone with coal. 

The coal workings here appear to be in much the same state now as at the 
. time of Dr. Oldham’s visit in 1853 (Sel. Boo. Ben. Govt., 
0n ^ * No. XIII., p. 45), as since then very tittle coal has been 

extracted. The different holes have been driven into the eoal as far as is possible 
without having to support the roof with timber, and the expense of this, together 
with the increased cost of labour and of carriage to the plains, in 30 years, would 
probably prevent the ooal being worked with profit at the present time. The 
headman of the village told me that 500 maunds had been extracted last year, 
and sent down to the plains, but he could not tell me what the cost of extraction 
and carriage was. 

S. Lakadong to Nokhara. — To the north of L&kadong on the path to Umrasiaag 
cretaceous rocks forming low scarped hills extend to the gorge of the Saiohampa, 
about half way down which metamorphio rocks appear and a s imilar section is 
seen on the opposite bank. The lowest cretaceous beds here are ferruginous sandy 
clays. Close to Umrasiang village I observed a circular pit, with perpendicular 
sides in the sandstones, 50 or 60 feet deep, and as many in diameter, probably due 
to the washing away of the clays beneath through a fissure and the consequent 
falling in of the sandstones above. The cretaceous rooks continue to a hill 
about 2 miles east of Umrasiang, near the top of which nummutitic lime- 
stone forms a steep scarp to the north. This hill is flat-topped, consisting of 
sandstones similar to those at Lakadong, but without any traces of coal 
till near the village of Nokhara, where there is a seam 1 foot thick resting 
on oarixmaoeous shale, but of no great extent. To the south the ground 
falls gradually to the edge of the str e a m s running into the Lubah, where lime- 
stone again appease. In many places near Nokhara J noticed large funnel- 
shaped hollows, 80 or 40 feet deep, caused by underground denudation of the 
limestone. 

d. Nokhara to Kampat .~~ Proceeding to the north from Nokhara on the 
path to Satunga after descending the limestone scarps to tbs north, a mull 
outlier of limestone is passtd near the village of Umluper. To the north of this 
the plateau is much more broken than to the west as far as the* Laterkap river, 
in the gorge of whibh metamorphio rocks occur again. Near the village of 
Nongtama (not marked on the map, but about 2 miles to the south of the 
Laterkap) I passed a funnel-shaped hollow similar to those at Nokhara, but 
could not find any limestone below it. To the north of the Laterkap cretaceous 
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vook* esteni without a break to SetugA where they contain a a*ani of miL 
Coil *t Setnag*. outcrop is wen at the head of a small ravine to (tw 

'north at the tillage, A vertical section, k dnwendiag 


order, is a* follows 

FA la, 

Sandstone and shat* about ......... 20 

Coal «... • a 1 0 


Shale, caAoaareonS at top, has so towards th» bottom .... 2 

5T7 


The hill side slopes iupi % ttgmeaia Item the top of the section. 

Two outliers of aummulitic Uttesteae ooeur * short dtitoioe to the efpt of 
Satonga. To the east the gwm4 atopes downwards to about 4 miles to the 
Tillage of Kampat, which lie# at the foot of a well-defined ridge warning north 
and eonth. The lower 800 feet of this are nummulitic limestone, with a alight dip 
to the east, resting on a wavy surface of cretaceous rooks, and extending to north 
and south as far as one can see. % 

This is capped by upper tertiary sandstones resting on the limestones, and 
extending to the top of the ridge 500 feet above Kampat. These rocks, though 
they occupy the same position with regard to the limestone as the ooal-beermg 
rocks of Lakadong and Nokhara, do not contain any traces of that mineral, nor is it 
found further to the east. They aw fine-grained, highly ferruginous sandstones, 
the lower beds containing numerous grains of pisolitic iron ore. The sandstones 
rest conformably on the limestone, though in places there are kwalunoonfwTkties, 
due to underground denudation of the limestone. Aooording to Colonel Godwin- 
Austen these rooks contain numerous minute fossils. From the top the rMge 
is seen to bend round to the north-east, striking for the Kopih. A vertical 
section of the ridge is as follows, in descending order 


f Fine-grained fenrnginon. mnditoBM, with . Uttl. ptaiitie iron 
ore near the hue, about 

) Maiaive limestone, becoming shsly and eartby towards 
the top, about ••••** 

\ Massive limestone, sbaly and earthy at top . • w 

t Thin bedded earthy limestone * _ 


200 


600 


r,* * *» a sa 

bwindary between the limestone and upper Magi, 

Werk earned with thick Wee jungle While the suubtonee above are no^Iy 

bare of tifees and covered with grws. 
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The limestone visible at the base of the ridge to the east of NongkK is 
reduced to 130 feet in thickness, and is succeeded by upper tertiary sandstones and 
shales rising to 550 feet above the valley. In the next valley to the east limestone 
does not appear, nor is it again found anywhere to the east. 

6 . Kampat to the Hot Springs on the Kopili. — Following the limestone to the 
north from Kampat, it is found to occupy nearly the whole of the space between 
the Kharkor and Kopili rivers, cretaceous rocks forming a fringe at the base of 
the limestone scarp. It is capped by upper tertiary sandstones beneath the 
village of Pala, which is situated on a spur of Pomlana 3,754 feet above sea level. 
To the west of the Kharkor are numerous scarped outliers of limestone, the 
largest overlooking a level plain of cretaceous rocks to the north of Muncha river. 
This plain extends to the foot of a lofty ridge of metamorphic rooks (on which the 
village of Khaushinong stands) running north-east to the Kopili. The meta- 
morphics cross the Kopili about 1 mile north of the hot springs and form the 
ridge running east and west, called Khandong hill. The Kopili forms a succession 
of very fine falls and rapids over these rocks. 

The nummulitic limestone crosses the Kopili to the north of Umkerpong, and 
bends round to the east parallel with the metamorphics of Khandong hill. It 
extends to the east as far as the flanks of Phulong hill, but it does not appear 
in tire valley of the Diyong still further to the east. 

The valley between it and the metamorphics is occupied by cretaceous rooks, 
except at the hot springs, where a small area of limestones has been let down by 
faults among the cretaceous beds. 

6. The hot springs. — The following notice of the hot springs is given in Dr. 
Oldham’s catalogue of the thermal springs of India (M. G. S., Vol. XIX, pt. 2, 
p. 54): 

14 Kopili. — Latitude 25° 31' ; Longitude 92° 40' ; Temperature 122°. 

“ On the right bank of the Kopili, three days’ journey from Silchar, one and 
a half day’s journey from J&wai. The water is not saline but only hot. Official 
Returns. — Captain (now Lieutenant-Colonel) Godwin. Austen, however, speaking 
of the spring in a private letter, says it is Btrongly saline.” 

The distances given above are not quite accurate as the spring is at least 
seven days’ journey from Silchar and two from Jawai. There are three springs lying 
in transverse gullies on either side of a stream running west into the Kopili, and 
about 100 yards from the latter. Of these the one to the south is considerably 
larger than the other two. Its temperature I found to be 128°. The water had 
not the slightest saline taste, or indeed a taste of any kind, rather resembling 
distilled water. The temperature of the two small springs to the north was 130°, 
and this water also was perfectly tasteless. All these springs lie on the faulted 
boundary between the cretaceous and nummulitic rooks. The stones over which 
the water runs are covered with a very thin white deposit, probably calcareous. 
That this deposit is not thioker, is probably due to the fact that the Kopili during 
the tains rises several feet above the level of the springs, and so washes it away. 

7. Upper Tertiaries of the North Oaehar ffiZto.^Beycmd the limestone ridge 
to the south-east of the hot springs upper tertiary rooks extend in an unbroken 
mass to the Barail range above Asalu. As far as the police outpost of Gunjong 
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these rooks are horisontal, or nearly so, consisting of finc-grainad —pfa to r w i and 
shales. It is in idle valley of the Mahar, to the east of Gunjong, that the change 
from the generally undisturbed condition of the newer locks on the Shillong 
plateau takes place, the upper tertiary rooks to the east being everywhere gMMttly 
disturbed. The transition does not take place so abruptly as on the southern 
edge of the plateau, where the newer rocks are bent down suddenly in a unidhKtol 
carve into the area of disturbance ; but it is well marked, the rooks at Gunjofcg 
having a slight inclination to thfc east, while in the Mahar valley they me sharp, 
ly contorted and at Quilong on the opposite side are nearly vertical^ The bound, 
ary between the disturbed and undisturbed sweeps round to the west, along the 
Jatinga and Lubah valleys, until it coincides with the east and mat strike *f the 
edge of the Shillong plateau. 

In these beds, in the MahOr valley, I found a few insignificant Strings of 
ooal, but no where did I come across any workable quantity. 

Before leaving Calcutta in November I had heard that there were consider- 
able deposits of limestone near the outpost of Qnilong, and 

Quilong limestone. w hile there I went in search of them They are situated 
on a small stream running into the Langting, to the north-east of Quilong, and 
about 1,500 feet below it. The rocks here are shales dipping at 20° to north- 
north-west, and the stream has deposited a bed of calcareous tufa on the upturned 
edges of the shales. This limestone is from 1 to 2 feet thick where thickest, 
and is of small extent. A s mall quantity was burnt on the spot several years ago 
when the outpost at Asalu was being built, and the remains of it, which are 
still used to supply Quilong and Gunjong with whitewash, are to be seen in the 
jungle close by. Similar deposits also occur in the valleys near Gunjong, but 
none has been burnt there. 

The natives on the northern border of these hills informed me that in former 
times they used to extract iron from a highly ferruginous 
drift -which is found in most of the hill streams. But 
the manufactur e of it has entirely died out, and at Walsalai a large Kuki Tillage 
to the east of the Dirjung, I found them making implements with iron brought 
from Calcutta. 

The iron ore deposits are very scattered, and would probahly not ropey 
systematic working. 


On Native Lead from Maulmain, and Chromite from the Andaman Islands ; by 
F. B, Mallet , Deputy Superintendent, Geological Survey of India. 

Native lead -—Amongst a number of ores from the neighbourhood of Maul- 
main, in Burma, lately sent to the Geological Survey Office by Mr. G. H. Law, 
is one of a somewhat unusual character^ It is a embonat. of lead^terokmg 
with a rather largely facetted crystalline fracture, and having a bright rod colour 
due, apparently, to an intimate admixture of minium. The^ o<mtem. KaaU 
oaritias lined by minute white crystals of ordinary oerussite, «d some of the 
cavities are partly filled with metallic lead. The above-mentioned .ubrteuoe ha. 
the eppearanoeof » natural product, but the precaution waa talwn of writing 
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to Mr. Law on this point, and in reply he states that it is " natural and not 
artificial.” As native lead is a mineral of rare occurrence, its discovery in a 
new locality is worth putting on record. 

Bed carbonate of lead similar to the above, except that the native metal has 
not been observed in association with it, has been found also in the Hasiribdgh 
district of Chutia NAgpur. 1 

Chromite . — During the present month a block of ore was to be sent to the Geo* 
logical Survey Office, for examination, from the Officiating Chief Commissioner of 
the Andaman and Nicobar Islands. Mr. M. V. Portman, Extra Assistant Super- 
intendent, who visited the place where it was found, writes : “ About 100 yards 
south of the village of Ohuckergaon, on the bank of a small stream, was a mass 
of ore about 9 inches thick and 4 feet long. It was lying on the surface of the 
ground. On removing it, and digging round and underneath it, the rook appeared 
to be a coarse sandstone strongly impregnated with iron. No more ore was found 
on this spot, though it again appears in two places further down the valley in 
some considerable quantity, several hundredweight having been brought in. On 
examination of the rooks within a radius of 300 yards, I found granular and 
highly crystalline limestone, intersected by views of calospar in some instances 
4 inches thick, diorite, porphyritic trap, and coarse ferruginous sandstone.” 
Chuckergaon, the village mentioned, appears to be dose to Port Blair. 

The ore proved on examination to be chromite. As this mineral is usually 
found in Serpentine, and serpentine is known to occur in the neighbourhood of 
Port Blair, there is a strong probability that the Andamanese chromite is no 
exception to the general rule. “ Serpentine and gabbro are fonnd largely deve- 
loped south of Port Blair and on Rutland Island, and are doubtless intrusive. 
A “ micro-crystalline syenite ” was noticed in one locality by Mr. Bum ; it is 
doubtless a form of the dioritio rook found locally associated with the serpentine 
in Pegu. 9 ” It will have been remarked that Mr. Portman observed diorite, Ac., 
close to the place where the chromite was found. 

As chrome iron ore (chromite), of average quality, is worth about £10 a ton 
in England, the Port Blair mineral, if obtainable in considerable quantities, is 
well worth attention. 

Notice of a Fiery Eruption from one •of the Mud Volcanoes of Oheduba Island, 

Arakin. 

The following correspondence respecting an eruption from one of the Cheduba 
mud volcanoes is published in continuation of similar records 8 

F. B. Mallet. 


From Captain F. D. Raises, Deputy Gommieeioner, Kyouh Pkyoo, to Me Oommistioner 
of Arahdn, Akyab, dated Kyouh Phyoo, 2nd May 1888 * 

I Jbave the honour to forward a free translation of a letter received from Ike Myooke of 
Cheduba, in which he reports that the volcano in the Minbyin Oirelerof his Township gave 

1 Records, 6 . 8. 1., Ybl. VII. p. 86. 

* W. T. ffianfbed, Mannsl of the Geology of India, pert 2, p. 789. 

8 8*pro t Vot. XI. p. 188 ; XII, 70* XIU, 808 j XIV, 108s XV, ML 
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oat Smhs m M»nh tut The Myook.'. report it 4ated MM April, wd Ms 

«o«T#a hue I « .boat to tart for OhedaU, aoi riiauld xgsiA> 

ing the volcano be ascertained, a farther report on tbs subject wjU bo inbmittod. 


From M«nta TSauOo, Mj/e nhetfOhtMn, t* Mo Depvtg CommttUiur, Xyenk Pip*. 

I bog to report that baring been informed that there wee an eraptisfe tf the rrioMKS in 
tbo M inbyin Circle of thie Townobip on the 28 rd Mai oh last, I lent the following 
queetiono to Maung Wine, Ymnoet Oonag of Miabyla, for aniwer Bit anewon are rim 
against each question s— 


Q*"tU m. dnmr. 

1. Did the eruption bunt put violently P I Th* eruption was sudden and vfalsa^ gnu 

2. Was it gradual P J dually subsiding. 

3. To what height did the dames rktf ... About 200 feet (tie). 

4. What was the cirumnfereupe of the flame P About 450 feet. 

6 . How long did the eruption last P ... About 9 minutes. 

6. Did the flumes give out any smell P ... Yes, that of tatth oil. 

7. Was there much smoke P ... Little smoke in comparison with the flame* 

8. Was mud alone thrown outP ... Mud and gravel, no otbei miueral. 


Notice. 

Irrigation from wells in the North-Western Provinces and Oudh, by Captain 
J. Clibbobn, 0.S.C., Executive Engineer, on Special Duty, Department of 
Agriculture and Commerce, N.-W. P. and Oudh. In the Professional Papers 
on Indian Engineering, 3rd series, Vol, I, p. 103, Roorkee, 1883. 

1. In all iflie visible and measurable elements of the investigation undertaken 
by Captain Clibbom, the method adopted seems to have been thorough, and the 
results obtained must be of great and permanent practical service. By the adop- 
tion of a unit of work, with values determined by careful experiment, he has 
reduced to comparable form a chaos of information upon the subject in hand 
with reference to the depths and capacities of wells and the processes of ‘lift’ in 
ruift He has moreover applied his method over an immense field of observation, 
exte nding right across the Gangetio plains from the terai on the north to the 
Vindhyan scarp on the sonth, and some 260 miles broad between Agra and 
Pyxabad. The sound facts thus accumulated must indeed be accepted as a train 
contribution to the question in view ; but there are considerations of fundamental 
rather than of collateral importance regarding the distribution and the supply of 
water available, upon which much light might have been expected from such a 
course of observation, and upon which the remarks offered by Captain Clibbom 
are not only defective but misleading j because, no doubt, the facts ofmtmmA are 
not quite visible or measurable. This branch of the sutrjeot has mao within the 
oojp^imae of the Geological Sumy, so that tome noties of the matter is here 

* The question of artesian sources in the pkin® of India has been diseased at 
some* length in these Reooahi (Vol XIV, page 228, * eeq.), and the prohabiKty 
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of their occurrence asserted. In (he paper under notice, Captain Olibbom professes 
to show ( hat artesian action is quite incompatible with the strata of the Doab, 
It is necessary to quote two paragraphs to make the position clear : — 

u 22. Leaving oat of the question for the present wells which receive a supply from perco- 
lation, we will consider the case of what are usually termed spring (bom) wells, which should be 
■unk so as to have the end or lower ring firmly imbedded in tbe mota (layer of clay), thereby 
(if a masonry well) shutting out from direct entry all water overlying it. Now the generally 
mdopted theory regarding the use of the mota for water supply is that it acts as an artesian 
basin, and that the supply entering the well through an orifice which is bored in the elay 
is a veritable spring, caused by the pressure of water from the collecting area of the basin. 

* 23. The facta which are alleged to support this theory are first, that until the mota ii 
reached, the water-supply is easily exhausted. This is contradicted by experience. Secondly, 
that when the hole is bored into the mota a copious supply enters the well, often cansing danger 
to the workmen if they do not escape quickly, and sometimes rising above the month. But the 
artesian theory pre-enpposes the comparative continuity of the mota, which is at varianoe with 
the universal testimony of cultivators, and the facts alleged are easily explained on other grounds, 
vide pans. 28—80. It will also be shown that artesian action is quite incompatible with the strata 
of the Doab.” 

3. This last sentence is a general proposition, and would properly be taken to 
include the whole formation concerned. We are by no means sure that Captain 
Clibborn does not intend it in thiB sense, for the strata at greater depths are no 
doubt of the same pattern as those exposed ; but as the faots immediately quoted 
(paras. 24-25) regarding the contour of the sub-soil water (although they are 
somewhat irrelative to the immediate question) can only refer to the ground 
above the level of the rivers, and as no direct allusion is made to deeper artesian 
springs, we may restrict the discussion to the narrower issue ; and upon this it is 
not difficult to show that Captain Clibborn does not seem to understand the need- 
ful conditions of evidence or of argument. We are by no means concerned to 
prove that the hom- wells are artesian ; only, if the facts asserted of them are 
correct, they ore essentially of that nature. 

4. The first fact refuted by Captain Clibborn, in his paragraph 23 just quoted, 
may be said to be irrelative ; but even upon the theory he himself adopts it 
is not easy to see k how experience can contradict that a deeper well, tapping 
a larger segment of the same water basin, is less easily exhausted than 
a shallower one. For the ‘ alleged fact’ of the water rising above the 
surface Captain Clibborn would have done well to introduce the plain contradic- 
tion argument, as it would be impossible to explain it otherwise than as artesian ; 
and we need hardly say that no attempt is made to do so. For the remaining 
and essential point* that water does rise from below the day, Captain Clibborn 
adopts a double course, to vitiate the opposite view and to offer a simpler 
explanation $ bnt in both lines of argument he begs the point at issue. 

5* It may well be true that the day bond is not everywhere continuous ; but it 
is altogether too dry a statement to say that the artesian theory pre-supposes this 
o ontmuity, though sash an impression would readily be conveyed by the ordinary 
text-book exposition of artesian conditions, dealing with strongly-marked examples. 
Partial artemn action is always possible when percolation along the planes of 
bedding is sttnoh more easy than across them, and this seems to be a general 
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character of stratification independently of any visible imperviona beds. 'In 
anticipation of Objections snoh as this, when the proposal for artesian borings 
in Upper India were first brought forward (in 1887), instances wow quoted 
showing the compatibility of artesian springs with great irregularities (want of 
continui ty) of the deposits (Selections, Government of India, Hjpme Department, 
No. CLXXVIII, p. 48. 1881.) tfhis condition then, ae framed by Captain 
Clibbom, is artificial 

6. The first item in the housewife's receipt for hare soup, beginning with the in- 
junction to oatoh your hare, is of equal importance in discussion — to fix your fact 
before beginning to talk about it. When the feom-wella were quoted as on 
apparent instance of partial artesian action, it was assumed that the engineer 
who described the phenomenon was aware of the fact that if a tube with a 
diaphragm over the end be fiepnesed into water the fluid will rise to the 
same level inside when the diaphragm is pieroed ; also, that in bringing the 
fact of the well to notioe he was satisfied it was not an instance of this familiar 


experience, that in fact the waters above and below the clay did not stand at 
the same level, and were distinct, of which indeed he did give strong independent 
ev idence in the wholly different nature of the water above and below the day, 
and this is really the essential question at issue— whether or not the two 
water strata are distinct. It appears however that Captain Clibbom has an 
equally im plici t oonviotion on the other side, for he decides the point with 
a simple assertion (paragraph 27), “the head is the difference of level between 
the water inside and outside the well;*’ and he seems to think that the only 
evidence needed on this score is to show how the water would perform the pas- 
sage, the fact of free communication between the water tables having been 
assumed. This is the ‘ explanation on other grounds,' for which wa were referred to 
paragraphs 26—30. It is introduced as ‘ a theory, advanoed by Mr. J. S. Beresford, 
Exeoutive Engineer, Irrigation Department,- oonemtoof an w£ 

the aid of numerous diagrams, how when sand is forced up with the water 
from below through a hole in the bed of clay, a hollow must be formed 

*• X"? ;,s, £ 'Z.L * a» ™ Ju* 

hcntafal u, ,b -phcW . l™b c th. *. ** «. 

even as a blank as n, ^ crucial point (which would have set 

constantly one and t • k Captain Clibbom might have picked 

.hoi. «pUi». t .1™. 

up some information dunng . ( ^iversal testimony ot the ouL 

tion (not a very difficult matter), or nom 

tivators without it his « the ^T “ * bom-wells is a trivial matter 

m itself, having little or no g but that the essential feature of 

and it would barfly have ubl of mno h practic al imp ortance on 

it-the independence ot in these page. (VoL xtft, p. 273) in 

several counts, and has 1 In that discussion, in which the Irrigation 

connection with the t *< JfJJVe more or Ism complete and permanent sepa- 
Department is deeply implicated, tne mom r a 
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ration over very large areas of the parasitic water (as the Frenoh call it) of the 
stib-soil and the deeper ground water, has passed without challenge as an admitted 
fact, pres umab ly on the experience of the engineers and the universal testimony 
of the cultivators ; and one might have thought that the investigation of the range 
of such conditions would have been an express object of Captain Clibborn's re- 
searches. It is clear that this fact (if it be one) of the lower water being sweet, 
while the upper is saline, would afford an independent and sufficient proof of the 
separation of the water tables and of the so far artesian nature of any rise of water 
from below the clay ; but it is not included in the facts bearing on this point 
noticed by Captain Clibborn, though it certainly has been alleged in that connec- 
tion. This might be an oversight; but it is not intelligible how such a fact (or 
statement, if it be not a fact) can have escaped prominent mention in connection 
with the investigation under notice, which inoluded extensive tracts of reh 
land ; yet it is not even alluded to. Can Captain Clibborn have found it out 
to be a popular delusion ? His explanation of the bom- well performance would 
certainly imply that it is not a fact. 

8. That the notion of the extensive occurrence of an impure sub-soil water 
permanently separated by clay beds from the ground water is not quite exploded, 
may be gathered from an excellent Report on Reh Swamp and Drainage, by 
Mr. E. E. Oliver, in the same number of the Professional Papers, where quota- 
tion is made (p. 9) of a description of such conditions in connection with reh 
land. The same is described from actual observation over a large part of the 
Doabin an early notice of the bom - wells in the 'Correspondence relating to 
the deterioration of lands’ (Selections, Government of India, P. W. D., 
No. XLII, 1864, p. 94). 

9. Having mentioned Mr. Oliver's paper, we may venture to notice what might 
be thought a slight confusion in the presentation of the theoretical aspect of the 
question, in Sections IT, Chemical composition and analysis, and Y, Physical theories 
advanced ; and confusion on this side is at the bottom of most practical mistakes, 
leading often to incalculable waste of effort and of money. It is rather under the 
latter of the above sections that one would look for an account of the origin 
of reh, yet the only explicit statement on this most important point appears 
casually in the opening sentence of Section IY, and the hints given of it in 
Section Y are extremely obscure. The simple performance which results in a 
crop of reh scarcely deserves to be condemned under that much abused word 
'theory,' it is so obvious when witnessed. Though unacquainted with the 
word 'capillarity,' any cultivator probably has a sound proximate notion of 
the reh crop, how it is connected with poisonous sub-soil water which the sun 
sucks up leaving the reh on the surface $ he knows well too that the bad water 
would not be there if it could get away, and what prevents it. So far General 
Strachey’s ‘ physical theory,' which Mr. Oliver quotes with approbation, could 
not well help being ' lucid' $ but it professed to be " quite sufficient to account 
for the whole thing ” (Selections, Z.c. p 57), and as such it improbably the most 
hazy thing C eneral Straohey ever wrote. Even the few sentences quoted by 
Mr. Oliver are rendered mischievous by the false conception they imply regard- 
ing the origin (or no origin) of the reh — that these salts are in the soil and 
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have been there always, having come with the eilt from the He even 

goes out of his Way to juakethe question occult by the interference of segregation} 
as in the production of flints in the chalk, saying “ so too it seems highly probable 
that from some physical cause the sulphate of soda, to., hav e accumulated in 
certain places on the alluvial deposits of Upper India.” Yet this was written in 
1864. 

10. In conclusion we may point out a slight misconception where Hr. Oliver 
notices (p. 10) an apparent contradiction or qualification of opinion as expressed 
in the following quotations from Mr. MedKcott’s reports— “ As far as the facts 
before me are a guide, I am inclined to the opinion that the canal water is 
the chief source of the salt. I am now speaking of the lands newly affected ” 
(1362) ; and “ that the reh scourge existed widely before the canals were thought 
of, and this reh constitutes immensely the greater fart of what has now to be dealt 
with 99 (1878). In the first place, the two statements pointedly refer to different 
ground, new and old reh land ; but even if they referred to the same area the 
statements are not logically comparable and might have been written consecutively 
at either period without discrepancy, for they explicitly refer to different things, 
on© to the stock of reh in hand, the other to the source of reh. A man might 
surely have little cash in his pockets though having a large income, or rice versd. 
As a general statement, however, the first one was somewhat misleading, 
although in some land the possible sources of fresh roh would certainly be 
less than in the irrigation water. The exaggeration of the partial statement was 
provoked by tbe dogma then universally accepted that the canal water acted 
solely as a vehicle. 

II. B. Mbdlicott. 


DONATIONS TO THE MUSEUM. 

Barite, from near Maanri. 

Trap and trap road metal, from R&jmalifl. 

Coal, from Sanctoria Collieiy. 

Mica from Haz&ribigh District. 

Pyrites, with magnetite, in quartz, from Simla. 


Donors. 
Db. H. Wabth. 
Tab RXjuasXi Stove Co. 
Tn Bbhoal Coal Co. 
Mbssbs. A. R. MoIhtosh k Co. 
Exscutivb Ejtghhbbb, Simla. 


Braunite, with psiIom«Uue, from Barb*. B41»gh»t DUtrict. 

^ Cohosh A. Bloomfihd, Dbpttt Cokkimiossb, BUaoha*. 

Pamioe (on. epeoimen with barnacle. Attached), picked up at «a 1,000 mile, torn Java on 

lit September. Can. Man, Ship Cleomtne. 

A eerie, of American and other mineral*. ^ j yf Malhst. 

Chromic iron from, Port Blair. 


Oaiai ComnMHJsaa, Akdaha* asi> Nico*a« Islam* 
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Graphite, from Nedoovengaud, Travanoore. 

Tbtvahdbum Musbum. 

Paving setts of Bombay trap, Dalbeattie granite, and B&r&ar sandstone* 

Calcutta Teahw^ys Go. 

Cantu of Phanerotinu t cristatu #, Archcsocidaris kartsana, Palmekitus spksrious, Psmts- 
phyllum adarense. 

Trinity Colx.bg>, Dublin, through Pbof. V. Ball. 


ADDITIONS TO THE LIBRARY. 


From 1st July to 30th Sbftbmbbb 1883. 


Titles of Books . Donors. 

Bbonn’s— Elassen und Ordnungen des Thier-Reichs. 

* Band Y, Abth. II, Gliederfdssler t Arthropods, Lief. 9—10. 

Band VI, Abth. Ill, Reptilien, lief. 38—40. (1883), 8vo., Leipiig. 

Comyn, Thomas de. — State of the Philippine Islands, (1821), 8vo., London. 

Dumont, J. B.— Synoptical Tables of Modem Chemistry, Yol. I, Inorganic Chemistry, Parts 
1 and II, Non-Metals, (1883), 8to», Calcutta. 

Duboohbb, M. J.— Essay on Comparative Petrology, (1859), 8vo. Pam., Dublin. 

H. B. Midlioott, Esq. 


Fbnsinius, C. R.— Quantitative Chemical Analysis, 7th Edition, translated from the 6th 
German Edition by A. Vaoher, Yol. 1, (1876), 8vo., London. 

Fbyab, Mark.— A letter to the Proprietors and Managers of the Coal Mines in India, (1809), 
12mo., London. 


H. B. Mbdlicott, Esq. 


Hbbb Oswald.— Flora FosBilis Arctica, Vol. VII, (1883), 4to. Zurich. 

Leighton, D. E. W. — The Indian Gold-Mining Industry; its present condition and its future 
prospects, (1883), 8vo., Madras. 

Mojsisoyics, E. Y. und Nxumayb, M. — Beitrage zar Palaontologie Osterreich-Ungams 
und des Orients, Band III, heft 3, (1883), 4to. Wien. 

Mukabji, Tbailokya Nath. — A Descriptive Catalogue of Indian Produce oontributed to 
the Amsterdam Exhibition, 1888, (1883), 8v0., Calcutta. 


Bbv. St Agbi. Dxpt. 


Pubybs, J. C.— But les Depots Fluvio-Marins d'Age Sdnonien, (1888), 8vo. psim, Bruxelles. 

The Authob. 


Qubnbtbdt, Fb. Aug.— Haudbuch der Petrefaktenkunde, Aoflage ID, Lief, 10-11, (1882), 
8 vo., Tubingen. 

Rnclus, ElisAb.— Nouvelle Gdographie Universelle la Terre sties Homines* 

YU, L'Asie Orientate. 

Ym, Linde et Llndo-Chine (1882-83), 8vo., Paris. 

The Norwegian North Atlantic Expedition, 1876*1878. Meteorology by H- Mohn, (1883), 
4to„ Christiania. 


The CoHklTOB, N, N. A* Exf. 


The Oriental Misoellany, consisting of Original Productions and Translations, Yol. I, (1798), 
8vo„ Calontta. 

Todkuntbb, J.— Spherical Trigonometry, 4th Edith*, (1878), 8vo., Londoo. 
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PERIODICALS, 8XBXAL8, Ac. 

American Journal of Science, 8rd Seriee, Vol. XXm, No*. 187-188 ; XXIV, Noe, 180.144, 
XXV, No*. 146-160 i and XXVI, Not. 161-168, (1888-88), 8ro., Saw Haven. 

Tbm Ivmn, 

Ann alen der Phyiik nnd Cbemie, None Foige, Band XIX, heft 4-6, and XX heft 1, 

(1888), 8to., Leipzig. 

A-nalaa dee Mine#, 86rie VULToiW HL liw. 1, (1888), 8vo., Peril. 

L'Amnae. sat View. 


Annalee dee Scienoei Naiurellee, One. Mrie, Botanique, Tome XV, Noe. 6-6, (1888), 8vo., 
Pane. 

Annalee dee Sciencee NatorelW, toe. BWe, Boologie # PeMoatolegle, Tome XV, No. 1, 
(188 8), 8vo., Faria. 

Annale nnd Magaiine of Natural Hirioty, 6th Series, Vol. XII, Noe. 67—60, (1888), 8»o, 
London. 

Atbenmom, Noa. 8808— *916, (1888), 4to., London. „ „ 

Beibktter an den Annalen der Phyeik nnd Cbemie, Band VII, Noe 6 8, (1888), 8to„ 
Leipzig 

Bibliothfcque Universelle. Archives des Sciences Physiques et Naturelles, 3me Pdriode, Vol. 
IX, Noe 6— 6» (1883), 8vo„ Genbve. 

Biblioth&que Universelle et Revue Suisse, 3me Pdriode, Tome XVIII, No. 54, end XIX, 
Botaniscfcee CwSbUtt.S’xiV.’ ST 

Chemical New, Vol. XLVII, Noe. 1829-1231, and ILVUI, Nos. 1282-1241, (1888), «o., 

<M]*j (tariki^XLT. K- 1171— U»i »a »“• «• “■ 

London. _ _ . , 

Tii jmo- 

Ds. LmoMi*. — BoUni—lsr JctaWHA* M* ™, AW. T, .1 AW.H Ml 1. 

(1883), 8vo., Berhn. „ • Md Journal of Science, 6th Seriee, 

Won, Edinburgh, and Dublin Pblc« 0 pWM^.^ 

Vol. XVI, Noe. 97 ~ 0 ®’ ( ^L - 0194—2606, (1888), &L, London. 

Mining Journal, with Supplement, Pol. ‘ 

Naturae Noritatee, Noe. 11—16, (1883), 8tom " 

Nature, VoL XXVIII, Noe. 711—7*3. (1 h • jabrg. 1888, Band U, heft 

Nouea Jahrhuch Mr Minerelogie, Qeologie end 

1 and *. (1888), .8vo., Stuttgart. ^ 7 _ % (]888)i ^ 

PMUMixa'a Qeographieobe Mittbeilunge , Ba Gotha. 

„ .^^ t ”"* 7 iKvolLNo,*,(1888),to.1hM«^ 

Profeaeional Fkpera on India? ngineerin , CoUM , or Citu, Bnaiamaiira. 

Quarterly Journal of Mieroooopical Scienee, New VoL XXXU. No.91. (1888,, to* 
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GOVERNMENT SELECTIONS, REPORTS, Ac. 

Bombay.— Gazetteer of the Bombay Presidency, Vole. VII and XI, (1883), 8yo., Bombay, 

Bombay Government. 

„ Selections from the Records of the Bombay Government, New Series, Nos, 


158-161, (1888), 8vo, Bombay. 


Bombay Government. 


British Burma.— Sixteenth Annual Report on the Lighthouses off the Coast of British 
Burma for 1882-83, (1883), fisc , Rangoon. 

Chief Commissioner of British Burma. 


Central Provinces.— Gazetteer of the Central Provinces of India, 2nd Ed., (1870), 8vo., 
Nagpur. 


Chief Commissioner, Central Provinces. 


Hyderabad.— Report on the Administration of tbe Hyderabad Assigned Districts for 
1881-82, (1883), flsc., Hyderabad. 


Resident, Hyderabad. 


Schlioh, W. — Suggestions regarding Forest Administration in the Hyder- 
abad Assigned Districts, (1883), flsc., Calcutta, 

Home Department. 


India.— Annual Statement of tbe Trade and Navigation of British India with Foreign 
Countries, and of the coasting trade of the several Presidencies and Pro- 
vinces in the year > ending 31st M&roh 1883, Vol. I, Foreign Trade, (1883), 
4to., Calcutta. 

Govt. Painting Office. 

„ Bbebnbr, Lieut. J. Mbnteith.— Return of wrecks and casualties in Indian waters 

for the year 1882; together with a chart 
Showing the positions in which they oconrred, 
(1883), flsc., Calcutta. 

Port Office. 

„ Government of India, Civil Bndget Estimate for 1883-84, (1883), flsc., Calcutta. 

Comptroller General. 

„ List of Officers iu the Survey Departments on 1st July 1883, (1883), flsc., Calcutta. 

Rev., and Agri. Dept. 

„ Registers of Original Observations in 1882, reduced and corrected, Jnne to Novem- 
ber 1882, (1883), 4to., Calcutta. 

Meteorological Reporter, Govt, of India. 

M Review of the Accounts of the Sea-borne Foreign Trade of British India for tbe 
year ending 31st March 1883, (1883), flsc., Simla. 

Govt. Central Branch Press. 

„ Sohlich, W. — Review on tbe Forest Administration in tbe Several Provinces under 

(be Government of India for the year 1881-82, (1883), flsc, Calcutta. 

Home Department* 

„ Selections from tbe Records of tbe Government of India, Foreign Department* 
Nos. 193—194, (1883), 8vo., Calcutta. 


Foreign Office* 
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Midru.— A amud Report on the Saidapet Perm for 138041 to 1881.83, (188143), flej., 
Madras. 

SUFB EIK TRKDEJfT, GOVERNMENT FaBMS, 

„ Annual Report* of the Superintendent of Government Forme, Madras, for 1879.80 
to 1881-82, (1880.82), Am., Mediae* 

SUPBRINTINDRNT, GOVERNMENT 

N, W. Provinces. — Report* on the Administration of the Northern India Sait Revenue 
Department for 1882*83, (1883), flee., Agra. 

Conns., Northern India Salt Usv. 

i 

TRANSACTIONS, PROCEEDINGS, Ac., OF SOCIETIES, SURVEYS, Ac, 
Amsterdam. — Jaarfcoek van het Mtjnweten in Nederlandsoh Oost-Indie, Part I, (1883), 
8vo., Amsterdam. 

Revenue and Agricultural DEPARTMENT. 

Bat ay I a.— N otnlen van het Bataviaasoh Genootechap van Kunsten en Weteneohappen, 
Deel XXI, No. I, (1883), 8vo., Batavia. 

The Sooisrr. 

Tijdachrift voor indieohe Taal-Land-en Volkenkunde, Deel XXVIII, Afl. 6., 
(1883), 8 vo., Batavia. 

Thb Society. 

Berlin.— Abhandlnngen der konig. Preuss. Akademie der Wiseeneohaften, 1882, (1883), 

4to„ Berlin. _ 

The Academy. 

„ Sittangsberichte der kooig. Prenw. Akademie der WimeMchaften, Noe. 1 to 81. 

(1883), 8vo., Berlin. Th, Ac«.MT. 

„ Zeitaohrift der Deatiehen Geologieohen Geeellechaft, Bend XXXV., heft 1-8, 
(1888), Svo, Berlin. Thr Sooirtt. 

BoLOGNA-Congrh. Gdologiqne International a Bologne. Guide k V Expoeition Gdologiqno 
•t Paldontologique, (1881), 8vo., Bologne. ^ ^ 

„ Inatitnt de Gdologie et de Paldontologie a Bologne. Gnide ana collection., (1891), 
8vo., Bologne. Tnlmmoit 

BoHBAT.-Journal of the Bombay Branch of the Royal Ariatio Society, Vol. XVI. No. 41, 
(1888), 8ro, Bombay. Tn Sooinrr. 

Bristol. — -Annual Report of Bri.tol ^ ^ 

1883, with li.t of member., 4o, (1888), Svo., BtMou XmgoollIT> 

Proceeding, of the BrUtol Natural*.* Society, NewS.ru,, VoL IV.. pt.1. 
(1888X 8TO.Bri.tol. Thr Sooirtt. 

Bromr U/ — Annale. d« Muade Royal d'HWoir. Nat.mll. de Bdgiqn* Torn. VIII, pt 4, 
with Atla», (1888), 4to. Bmadlefc Tki Moiibm . 
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Bsueiiu — Bulletin da Marfa Royal d'Hiitoir* Notorelle da Bd^aa, Tama 11, Nat. 1-2, 
(1883), 8vo„ Bruxelles. 

The Museum 

„ Bulletin de la Soeietd Royale Beige de Gdographie, Annie VII, No* 8, (1883), 
8vo., Bruxelles. 

Tas Society. 

Budapest.— Poldtani Kozlony. Havi Folyoir&t Kiadja a Magyarhoni Foldtani Tttrsulat. 
Kotet XIII, fuzet 1—3, (1883), 8yo., Budapest, 

The Institute. 

„ Mittheilungen aus dem Jahrbuche der Kdn. Ungarisohen Geologisohen Anstalt. 
Band VI., heft. 3 and 4, (1882), 8ro., Budapest. 

The Institute. 

Calcutta. — Calcutta University Calendar, 1883-84, (1883), 8 to., Calcutta. 

H. B. Mbdlicott, Esq 

n University of Calcutta. Minutes for the year 1882-83, (1883), 8vo , Calcutta. 

H. B. Mbdlicott, Esq 

„ Catalogue of the Library of the Indian Museum, (1879), 8vo , Oaloutta. 

H B. Mbdlicott, Esq 

„ Journal of the Asi&tio Society of Bengal, New Series, VoL LII, Part I, No 2, 
(1883), 8vo., Calcutta. 

The Society. 

M Proceedings of the Asiatic Society of Bengal, Nos. IV— VI, (1883,) 8vo , 
Calcutta. 

Thb Society. 

„ Memoirs of the Geological Survey of India, VoL, XIX, pt. 4, (1883), 8vo , Calcutta 

Geological Subvbt of India 

M Palffiontologia Indica, Series X, VoL II, pt 5, and XIII, Vol. 1, pt 4 (faso. 2), 
(1883), 4to«, Calcutta. 

Geological Subvbt of India. 
„ Records of the Geological Survey of India, Vol. XVI, pt. 3, (1883), 8vo., 
Calcutta. 

Geological Subvbt of India. 
Cambeidgs.— Proceedings of the Cambridge Philosophical Society, Vol. Ill, pts. 1—8, and 
IV, pts. 1—5, (1876-83), 8vo., Cambridge. 

The Society. 

,, Transactions of the Cambiidge Philosophical Society, Vol XI, pt 3, XII, pts. 
1 — 3, and XIII, pts. 1-2, (1871—1882), 4bo., Cambridge. 

The Sooiitt. 

Cambbidgi, Mass.— Bulletin of the Museum of Comparative Ztology, VoL VII, No 9, and X, 
Noe. 5—6, (1883), 8vo., Cambridge. 

The Museum of Cohfaeattvb Zoologt. 
Caisil.— Bdrioht dee Vereinte fur Naturkunde zu Caesel, XXIX and XXX, (1888T, 8vo., 
Casael. 

The Society. 

Behba Dun.— Acoonnt of the Operations of the Great Trigonometrical Survey of India. 
Vol. IX, (1888), 4to., Debra Dun. 

SubvetonGenieal of India. 
„ Synopsis of the Reeulte of the Operations of the Gnat Trigonometrical Survey 
of India, Vole. XIV to XVI, (1888), 4to., Debra Dnn. 

Subtbtob-Gbneial of India. 
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Dbisd**.— Sit^mgiberichU nod Abhtndlungen der Naturwitienichtftlieta 6 «mU»- 
ohftll Isis in Dresden, Jahrg. 1888, Januar bisJuni, (1888), 8vo„ DMm. 

Thb Sooiwr. 

Glimww.— T he Glasgow University Calendsj for 1888-84, (1883), 8vo., Glasgow. 

The University. 

Harrisburg. — Second Geological Survey of Pennsylvania. Report of Progress, G. 6, 1881, 
(1888), 8vo., Harrisburg. 

V*o*. 5. J.Stovbnson. 

London. — Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XII, 
No. 4. (1883), Bt 0 „ Won. 

„ Journal of the Society of Arte, VoL XXXI, Nos. 1694-^1807, (1888) 8vo., London. 

Thb Society. 

, List of the follows, dfe, of the Zoological Society of London, oorrected up to 
May 1st, 1888 (1888), 8vo , London. 

Thb Society. 

„ Proceedings of the Zoological Society of London, fori IV 1882, and Part 1, 
1883. (1883), 8vo., Londou. 

The Society. 

,, Transactions of the Zoological Society of London, \ ol. XI, pt. 8, (1888), 4to., 
London. 

The Society. 

„ Proceeding, of the Royal Geographical Society, and Monthly Record of Geo- 
graphy, New Sene*, Vol. V, No.. 6-7, (1884), 8vo., London. 

ThkSoomty. 

„ Proceeding, of the Royal Initiation of Great Butain, Vol. X, pt 1, No. 76. 

tad™. Tnlnrmm. 

M APB as.— Madras Journal of Literature and Science for 1878—1881, (1878—82), 8vo„ Madras. 

Lite baby Society, Madras. 

Madrid. — Bolotin de la Sociedad Geografica de Madrid, Vol. XIV, Nos. 6-6, (1888), Bvo , 

Madrid. - a 

The Society. 

M A5 CHESTER.— Ti an sections of the Manchester Geological Society, Vol. XVII, pts. 8-9, 
(1883), 8 vo., Manchester. 

' 7 The Society. 

Melbourne.— M ineral Statistic of Victoria foi the year 1882. (1883), flro., Melbourne. 

Mining Department, Victoria. 

„ Beporto of the In.peotor of Explosive. to the Honourable the Minister of 
Mine, for the year 1882. (1883) flae., Melbourne. 

Mining Department, Victoria. 

, Beporte of the Mining Surveyor, and Regiatrara for quarter ending Slat. 

March 1883. ( 1883 ), flic-. Melbourne. 

Miuxo.- Atti della Sooieta Italians di Soienze Natural!, Vol.;XXIV, faao. 1-4, and XXV, 
1 - 2 , ( 1881 - 82 ), 8vo, Milano. TheSocxtt. 
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lIUjrCHin.— Ablumdlungen der Math.-K^y*. fc.fr kUkult *“*hrr«MI<li|rfiwi. 

Band XIV, Abth. 2, (1868), 4to., MtUwhen. 

Tn Aoadikt- 

„ Meteorologische and Mignetiuhe B*obaobhing«n dar K. gtwnw n rta M Man- 
cben. Jahig. 1882. (1883) 8to., Monchen. 

Tn Aoaiokt. 

„ SitzungBberichte der Mathematisoh-Physikalisehen Class# der k. b, Akademie 
der Wissenschaften, Band XII, heft, 5, (1882), 8?o. Hdnchen, 

Thb Acadbmt. 

Paris. — B ulletin de la Sooidtd Gdologique de France, Bme. Stfrie. Tome XI, No. 5, (1882), 
8vo., Pant. 

Thb 8ocibtt. 

Philadelphia. — J ournal of the Franklin Institute, 3rd Series, Yol. L XXXV, No. 6, and 
LXXXVI, Nob. 1-2, (1883), 8vo„ Philadelphia. 

Thb Institute. 

„ Proceedings of the Academy of Natural Sciences, Part I, (1883), 8vo 1 

Philadelphia. 

Thb Acadbmt. 


Bomb.— Atti della R. Accademia dei Linoei Serie Terza, Transnnti, Vol. VII, fasc. 11-12, 
(1883), 4to, Roma. 

Thb Acahbht. 

St. Pbtbbsbubg. — Mdmoires de L'Aoaddmio Impdriale des Sciences de St. Pdtersbourg, 7in*. 
Sdrie, Yol. XXXI, Nos. 1-2, (1883), 4to., St. Petersbourg. 

Thb Acadbmt. 

Sydney. — Report of the Trustees of the Australian Museum for 1882, with supplement, 
(1883), Abc., Sydney. 

Thb Museum. 

Torino.— Atti della R. Accademia delle Soienze di Torino, Vol. XVIII, Disp. 5-7, (1883), 
8vo. Torino. 

Thb Acadbmt. 

„ Bollettino dell* Osservatorio della Regia Universita di Torino, Anno XVII, 1882. 
(1883) 4to, Torino. 

Thb Acadbmt* 

„ Memorie della Reale Accademia delle Soienae di Torino, Serie II, Tome XXXIV, 
(1883), 4to, Torino. 

Thb Acadbmt* 

Toronto.— Proceedings of the Canadian Institute, Vol, I, No. 4, (1888), 8ro., Toronto, 

Thb Institutb. 

Vibhna.— Verhandlungen der K. K. Geologischen Reichsanstalt, Nos. 8—11, (1883), 8to. 
Wien, 

Thb Institutb. 

Wellington.— Transactions and Proceedings of the New Zealand Institute, VoL XV, (1888)i 
8vo , Wellington, 

Thb Institutb. 

Yokohama.— Mittheilnngen der Dentsohen Gesellsohafb fur Natur-und Vollcerkunde Oats- 
siens, heft 29, (1883), flso., Yokohama. 


The Society. 
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To**.— Annual Befort of tbe Yorkshire Philosophical Bounty for 1882. (1883), 8 yo„ 

Task* 


THl SOCIETY. 


MAPS. 


Geological Maps of Hungary, C 7 toC 10 , P„ D l0t D tl ,E p E m E 1Q to1S w f 9 toF w 0. 

And Geologieche Karte dee Graoer Brauukohlengebietfaes, ( 1879 — 1891) t 
Budapest. 

The IiuHOisiav Ivstiyutr. 


October 83rd, 1888. 


^Hxii.0^ ftUtta.0-.-ao. U«.0.*-*l*fc**. 



